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A NEW BOARD OF EDITORS 


With this issue Human Biology appears under a new board of editors, 
and we take this opportunity to introduce ourselves to our readers— 
although we realize that you will come to know us best through our work. 

Five associate editors have been named. Dr. Josef BroZek of the 
Laboratory of Physiological Hygiene at the University of Minnesota is 
known for his studies of the composition of the human body. Dr. Bentley 
Glass of the Department of Biology at The Johns Hopkins University 
is interested in geneties and recently has been applying the theoretical 
concepts of population geneties to data on isolated human groups. Dr. 
Donald Mainland of the Department of Medical Statistics, New York ` 
University, is especially active in the application of bio-statistics to 
clinical and laboratory investigation in medicine and the study of age 
changes and of physiological norms. Dr. James N. Spuhler of the 
Institute of Human Biology at the University of Michigan is trained 
in anthropology, zoology and human geneties. Dr. Spuhler's research 
deals particularly with the interaction of social and biological factors in 
the dynamics of human racial groups. Dr. William L. Straus, Jr., of 
the Laboratory of Physical Anthropology of The Johns Hopkins Uni- 
versity is particularly concerned with the biology of living primates and 
with human evolution. The editor himself teaches anatomy and is 
principally interested in anthropology. 
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As Human Biology acquires a new editorial board, we take the oppor- 
tunity to inform the readers of our goals. Our aim is to represent more 
fully what our name implies, the intellectual meeting place for students 
of human biology. While preserving its high traditions, we should like 
to see this journal grow, more especially in the direction of that kind 
of human biology which is basic to preventive medicine, physical anthro- 
pology and social biology. "То do so, we need only keep up with those 
investigators who are running out in front. It will be our aim to present 
their contributions to the fields of human genetics, development, growth, 
reproduction and aging, functional anatomy, bio-anthropology, human 
ecology and population dynamics. 

While our field is human biology, we shall not confine our attention 
narrowly to human life; for to understand that life in all its aspects 
it is often helpful to observe other forms of life. Just as comparative 
and experimental studies of various animals have contributed to knowl- 
edge of human disease, they can also contribute to knowledge of normal 
processes in man. Therefore, while it remains our chief purpose to 
elucidate human biology, we shall, as opportunity affords, also present 
articles relevant to that purpose in which the subjects of investigation 
are drawn from other fields. 

Lack of a formal society of American human biologists imposes on 
the editors of Human Biology the responsibility of representing all 
aspects of this vast field of biological science. ТЕ also imposes a duty of 
active participation on the readers. They can help by informing the 
editors about new projects of research or other matters of professional 
interest, and by suggesting subjects they would like to sce taken up in 
Human Biology. Some have already done so. We wish especially to 
mention Dr. William W. Howells, the editor of the American Journal 
of Physical Anthropology, who has been very 
suitable articles for publication. 

We start our task under auspicious circumstances, 
from the Wenner-Gren Foundation for Anthropologi 
permit us to publish a full volume this year. We take this opportunity 
to express our gratitude to the Wenner-Gren Foundation. For the future, 
we place our faith in the continued Support of our readers and hope 


that they will call the attention of their colleagues to the development 
of our journal. 


helpful in suggesting 


A generous grant 
cal Research will 


GABRIEL LASKER 
Department of Anatomy 
Wayne University College of Medicine 


SOME VITAL STATISTICS BASED ON 
SKELETAL MATERIAL * 


BY MARCUS 5. GOLDSTEIN 


Division of Public Health Methods, Public Health Service, 
Department of Health, Education, and Welfare, Washington, D. C. 


DO not remember whether I read The Indians of Pecos Pueblo 

voluntarily or under duress as required classroom work, but I did 
read Professor Hooton's massive contribution (730), and I was deeply 
impressed with the sweep of his treatment of the material. Here, it 
Seemed to me, the bones were made to represent living people; their age 
at death was not merely recorded, but was commented upon ; the skeletons 
were not merely sexed, but sex ratios were considered in their biological- 
demographie context; and so on. Henee, when I had the privilege 
Some years ago of working up Indian skeletal collections at the Uni- 
versity of Texas, I made an attempt to follow the Pecos Pueblo lead, 
and to answer questions such as: How long did these individuals live? 
What factors influenced their average length of life? What were the 
male to female ratios and how might these have affected the survival of 
the groups? Some evidence pertaining to these questions and comments 
on their possible implications will be presented below. 

The Texas skeletal material came from all the major regions of 
the state, although most of it was from south, central, and northeast 
Texas. The skeletons represented peoples living between 800-1700 A.D., 
according to the University archaeologists (Krieger, “46, and personal 
communications) ; most of the material, however, came from pre- or 
protohistoric horizons. 


LENGTH OF LIFE 

Estimation of age in the juvenile depended primarily on state of 

tooth eruption. In the adult, age was judged by degree of tooth wear, 

1I am grateful to Dr. J. Lawrence Angel for a critical and generously helpful 
perusal of this paper. 
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epiphyseal union in the skeleton, extent of suture closure in the skull, 
and general condition of the bones, e. g., vertebral lipping as an indica- 
tion of old age (Hrdlička, 739). 

As noted in Table 1, the mean life span, based on age at death, was 
about 30 years among the Indians living in Texas, compared with а 


TABLE 1 


Mean “life span” of Texas Indians and other groups, both sexes 


AGE IN NUMBER OF 
GROUP YEARS INDIVIDUALS 


Texas Indians (850-1700 A.D.) TOT 


Indians of Pecos Pueblo (800-1700 А. D.)1.... 587 
Ancient Greeks (670 B. C.-000 A. JV) RN 544 
English (11th century)? 143 


Europe, ruling families (1480- 
U. S. White (1800)* 
U. 5. Negro (1900)* 


з Caleulated from Todd’s estimates given by Hooton, '30, р. 19. If the tree- 
ring dating by Dr. A. Е. Douglass, cited by Dr. Hooton, p. 342, is accepted, the 
time period would be 1100-1700. 


2 Unpublished data generously provided by Dr. J. Lawrence Angel, based оп 


307 adults, and “younger ages derived from fairly reliable cemetery statistics.” 
з Todd, 27, р. 401. 


4 Peller, "47, р. 89. 
е Krogman, 40, р. 449; life expectaney from birth. 


mean of about 43 years for the Pecos Pueblo Indians. It may be noted 
here that the Texas groups, except those in the northeast, were mainly 
non-agricultural, in contrast with the agricultural community at Pecos 
Pueblo. The mean life span of the American Whites at the beginning 
of the 19th century was apparently also quite short (Table 1). Indeed, 


? Mean “life span” refers to the arithmetic me 
allowance was made for loss of skeletons, especially infant material, through 
disintegration. According to Dr. J. Lawrence Angel (personal communication)» 
in Macedonia at Olynthus only 22% of infant graves h 
with 80-90% of adult graves having some bone fragments. 


an of all ages at death. No 


maining ages, some 
tal should have been recovered, and 
» would be reduced to about 24 years, It i$ 
t 30% of all deaths among the Mohave and 


the average age at death, all ages 
of interest in this connection tha 
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the mean age at death of the various groups cited manifests a similarity, 
with the exception of the Pecos people, which seems to me to suggest 
that race was not much, if at all, involved in the average number of 
years lived. 

Table 2 gives some idea of the mortality at various age periods in 
the Texas and other groups. The relatively small representation in the 
0-4 years interval in the Texas series is undoubtedly due to the greater 
likelihood of loss or disintegration of the fragile infant skeleton in 


TABLE 2 


Mortality at various age intervals: Texas Indians and other groups? 


AGE AT DEATH (YEARS) 


ALL 
GROUP AGES 2-3 4-9 10-19 20-34 35-54 55+ 


PERCENTAGE DISTRIBUTION 
19.52 47° 104 29.2 29.0 13.6 


Early Indian groups in Texas 100.0 
Indians of Pecos Pueblo..... 100.0 14.4 T 77 125 397 184 
0.8. Registration Area, 1910 100.0 15.0 2.6 2.4 7.0 15.6 57.5 
Italy, males, 1901-1910...... 1000 25.0 3.7 2.8 6.0 191 49.8 
VU. S., Negro males, 1910.. 1000 321 46 51 113 179 291 
India, males, 1901-1910...... 1000 39.7 101 64 123 1068 148 


ЗАП data other than the Texas Indian are from Hooton, '30, p. 25. 


2 
Refers to ages 0-4 years. 
з Refers to ages 5-9 years. 


unusually large percentage of Texas 
skeletons falls in the age period 20-34 years. Whether this concentra- 
tion is due to bias in the estimation of age, or a chance recovery of a 
disproportionate number of young adult skeletons, or reflects a demo- 
graphic reality, I do not know. The Texas Indian material is catalogued 
and stored at the University of Texas and no doubt could be checked 
for age and other observations. Indeed, the variation among workers 
in estimating age and sex could, and should, be tested on series of 
Skeletons, preferably of known sex and age at death. These * tests > 
might be held periodically during meetings of the American Association 


of Physical Anthropologists. 


the course of time. Too, an 


n 1910-1930 were in the age group 


Chemehuevi Indians of western Arizona betwee 
s 32 years (Clements, "31, р. 398). 


0-4 years; the calculated mean age at death wa 
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To return to Table 2, it may be noted that relatively few individuals 
apparently lived beyond middle age in either the early Indian groups 
of Texas or at the Pecos Pueblo (14% and 1866, respectively). 
Interestingly, just about the same proportion of people reached old age 
in England in the middle ages, or for that matter, in recent times in 
India. 


бег. Unlike the present longer life span of the female, the males 

apparently lived longer on the average than the females among the 

early Texas Indian groups and ancient Greeks (Table 3). The rela- 
TABLE 3 


Age at death, by sex: Texas Indians and Ancient Greeks 1 


кс = үе PERCENTAGE DISTRIBUTION AT AGES 
GROUP INDIVIDUALS (YEARS) 18-19 20-34 35-54 55-- 
Texas Indians 
Males ......... 270 41.0 2.6 25.9 45.0 26.3 
Females ....... 237 33.9 5.5 48.1 35.0 11.4 
Ancient Greeks 2 
Males ......... 249 39.8 0.8 39.4 54.6 5.2 
Females ....... 135 310 141 63.0 922 0.7 


* АП ages under 18 years are excluded in order to attain greater reliability of 
the sex determinations. 


3 Angel, “47, р. 20. 


tively much larger number of female skeletons than males adjudged 


18-24 years of age at death very likely reflects the high maternal death 
rate at childbirth which must have prevailed at the time. 


Locality. Was there any difference in mean life span among the 
various Texas Indian groups represented by skeletal remains? ТО 
answer ihis question, the material was divided by regions roughly 


approximating archaeological divisions in the State. Table 4 gives the 
results. 


З Northeast Texas ог “ Caddo Area ” includes the Sanders Focus and Texarkan® 
Focus; North Texas, the Henrietta Focus and Antelope Creek Focus (Texas Pan- 
handle); Central Texas, the Edwards Plateau Culture; West, in the present 
instance, refers almost altogether to remains of cave-dwellers (see Krieger, 46): 
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” 


|| 


Fairly good series of skeletons were available from ‘three sites, and 
age at death of the people at these places is shown in Table 5. The 
Sanders site in northeast Texas refers to a period cirea 1300-1400 and 


TABLE 4 


Mean age at death of Texas Indians, by location 


MALES = 


FEMALES ? 


BOTH 8 

LOCALITY Number Age Number Age Number Асе 
North (1250-1450) ....... 63 34.8 33 41.1 20 32.7 
South (——1700) ....... 285 30.5 $9 414 103 312 
Northeast (1300-1600) .... 227 30.3 70 40.6 76 33.4 
Central (850-1450) ....... 144 29.6 56 41.1 30 44.0 
West (900-1300) ......... 48 285 22 40.9 8 342 

TOUT cds dan ca seers 767 30.5 270 41.0 237 33.9 

BUDE zc ыы већа ли е 18.5 


in + 
The number of cases in both se 


males and females differs by the number of cases und 
which in most cases could not be determined with reasonable 


? Includes cases 18 years of age and over only. 


TABLE 5 


Mean age at death of In 


certainty. 


dians at three localities in Texas 


xes as compared with the combined nuinber of 
ler 18 years of age, sex of 


as estimated from their remains, both sewes 
ALL AGES ADULTS ONLY 
Percentage at 
Mean Mean ages 
GROUP Number age Number age 18-34 35-54 55+ 
Sanders site 

(northeast Texas) .- 69 37 51 42 275 431 204 
Morhiss mound 

(south Texas) ...... 98 31 58 36 44.8 34.5 20.7 

27 46 34 60.9 21.7 17.4 


Oso site (south Texas) .. 68 


revealed the practice of agriculture and a 


(Krieger, ^46). The Oso and Morhiss site 
ctice of a 


—= 


Columbian and showed no sign of the pra 


riculture. 


relatively advanced culture 
s in south Texas were рте- 


Rather 
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substantial differences are noted between the mean age at death among 
these several groups, especially between the Sanders and Oso peoples. 


European Contact. The material has been further divided according 
to archaeological manifestation of European contact. European contact 
in the present instance almost altogether means merely association with 
European artifacts. Direct and extensive white contact among the 
groups represented by their skeletal remains occurred perhaps only an 
the case of the mission Indians of south Texas, whose remains comprise 
a very small proportion of the total examined. In any case, the mean 
age at death of 55 individuals from sites showing European contact 
was 40 years, and of 290 individuals manifesting no such association, 
86 years.” The difference between the means із not statistically signifi- 
cant at the 5% level of probability. 


Agricullure and Length of Life. A test was made of the hypothesis 
that the practice of agriculture by a group—presumably indicative of a 
more sedentary existence and stable economy than among groups not 
practicing agriculture—was conducive to longer life than in primarily 
hunting or fishing cultures. The mean age of all the material from 
sites showing definite signs of the use of agriculture (104 individuals) 
was 39 years; that of the non-agricultural group (241 individuals) was 
35 years. Unexpectedly, the difference between the me 


ans in this instance 
is not significant at the 5% level of probability, 


SEX RATIOS 


A few comments may be made on the ratios of males per 100 females 
as found in the Texas remains and in other groups. Although the 
Texas Indian data on sex given in Table 6 are not strictly comparable 
with Professor Hooton’s Pecos Pueblo figures or those from the 17. 8. 
Census, since sex was estimated beginning at 10 years of age in the 
Pecos material and was recorded at all ages in the Census, it is of 


* Ages at death for all the skeletons observ 


to me when this paper was written, and hence the statistical significance of the 
differences between the means could not be calculated. However, the ehi-squar? 
may be computed from the distributions given for the adults; only the Sanders 


compared with the Oso data showed a chi-square that was significant at the 59 
level of probability. 


5 The age dat 
the smaller nu 


ed at these sites were not available 


a relating to European contact are based on skulls only, and hence 
mber of total individuals than in the previous counts. 
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interest that the Texas Indian ratio of 112.6 is quite similar to both 
the Tanoan and Mexican male to female ratios. The total living 
Indian population in the United States in 1930 also manifested a higher 
ratio of males to females, but only slightly more so than in the United 
States whites at this time. 

Age apparently has a considerable influence on the sex ratios. In 


TABLE 6 


Ratio of males per 100 females in Texas Indians and in other groups * 


MALES TO 100 FEMALES BY AGE 
18-34*  35-54* | 554“ 


Total Under 20** 20-50** 51+** 
GROUP No. Ratio Ratio Ratio Ratio 
Skeletons 
Texas Indian?........... 536 112.6 579% 141.31 272.4* 
Pecos Рисђро............. 667 1408 70.9** 150.55“ 146.2** 
Living 
Jemez Indians (1910)..... 409 128.9 104.79"  152.8** 1493" 
All Tanoan Indians (1910) 3,137 108.7 92.4**  120.0** 1362" 
» О. S. Indian (1930)...... .. 1051 З dis 
U. S. Mexican (1930). паз 
U. S. White (1930) ....... .. 1027 
U. S. Negro (1930) ....... .. 97.0 


1 The Pecos, Jemez, and Tanoan groups are from Hooton, 790, p. 31; the 1930 
data are from the 15th Census of the United States, Summary, p. 8. 
2 Includes 29 cases from Stewart, '85, p. 215. 


the Texas material and also in the Pecos remains, as well as for the 
cited living Indians groups, females definitely outnumbered the males 
їп the early years, but in turn were outnumbered in the middle years 
and especially in old age, one more indication of longer life among 
the males. 

A pertinent passage of Professor Hooton’s on the sex ratio may well 
be given in full (30, р. 31): | 

“T have been inclined to attribute the great excess of males in 
skeletal population to the better weathering of male skeletons or to a 
Possible tendency of the laboratory worker to assign to the male sex 
Skeletons of masculine appearance which were in reality females. How- 
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ever, the comparison of the Pecos skeletal population with the sex ratios 
in living peoples of the same stock indicates that the great excess of 
males should not be attributed to any such source of error. | 

«То a population which is remaining stationary or declining т 

numbers one expects the number of males to exceed markedly the number 
of females. This excess of males is usually attributable to an actual 
difference of the proportions of the sexes at birth. We need not here 
discuss the hypothesis of the relation of nutritional factors to sex deter- 
mination, but it may be remarked that if, as some think, a well nourished 
and increasing population produces an excess of females at birth, whereas 
a badly nourished and declining population produces an excess of males 
at birth, we may well expect the population of the extinct Pecos pueblo 
to manifest in a high degree the latter type of disproportion of the sexes 

That a badly nourished people necessarily is а declining populate? 
would seem rather dubious in view of the examples of China and India, 
countries in which malnutrition is notoriously common and yet, 80 far 
as I am aware, they suffer from no lack of fecundity. The other point 
raised, that an excessive proportion of males over females is indicative 
of a stationary or declining population, seems to me provocative i 
should be explored further. What conditions induce such а disproportio? 
in the sexes in present populations? What might they have been among 
early Indian groups? 

In my closing remarks 1 would like to suggest that length of Ша 
was and is affected as much or more by the culture of a group and 18 
neighbors as by the biological or genetic constitution of Из тете 
Variations in the potential life span of individuals very likely do occur. 
Yet, as suggested by the Pecos Pueblo material, a cultural artifact 
agriculture, or the more secure mode of living implied by an economy 
dependent on or considerably supplemented by agriculture, appare” у 
had a significant influence on length of life, and probably also 0n the 
chance of initial survival. The risk of accidental deaths must have 
been much greater among nomadic than among sedentary groups. 

A striking example is given by Kroeber (739, р. 148) of the effect? 
ofa social custom on the very existence of the eastern American India™® 
Thus, their “ warlike habits [were] so integrated into the whole fabri 
of Eastern culture, 50 Gominantly emphasized within it, that escape fro 
it was well-nigh impossible. This warfare, with its attendant unsettle 
ment, confusion, destruction, and famines, was probably the most pote” 
reason why population remained low in the East.” 
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The late Professor Wingate Todd, also commenting on the subject, 
stated (27, p. 496): 

“The difference between the peaks of mortality in primitive and 
ancient people on the one hand and of modern civilized humanity on 
the other is roughly thirty years. This difference does not indicate a 
prolongation of the potential duration of life which undoubtedly remains 
stationary through the ages. In modern populations, even in civilized 
communities, drawn from the lower strata of society, the old age peak 
characteristic of today is not to be found, owing to the relatively great 
hazards of life to which these unfortunate people are exposed when not 
sheltered by specific social legislation.” 

Some have suggested on the basis of life expectancy curves from 
epigraphic data and skeletal remains, and an assumed “ rigorous selection 


at earlier ages,” that persons in ancient times may have had a longer life 


expectancy after reaching old age (i.e. life expectancy at age 65 or 


thereabout) than is the case at present even in a country like England 
or the United States (Pearson, 01; Macdonell, 13; Angel, 47). Be this 
as it may, it should be clear that large numbers of people living to old 
age (65 years and over), as distinct from continued life span of indivi- 
duals in the old-age brackets, is а very recent phenomenon, probably 

limited to countries and groups in which the infant and child mortality 

rates are low and modern public health and medical care services are 


Senerally available.? 


SUMMARY 

Mean age at death of Indians living within the present bounds of 
Texas, for the most part in pre- and protohistoric times, is estimated as 
about 30.5 years on the basis of examination of 767 of their skeletons. 
When account is taken of a high rate of nonrecovery of infant skeletons, 
Ша average age at death is reduced to about 24 years. Mortality at 
different age periods is noted; a large percentage of deaths apparently 


Occurred in the age period 20-84 years. Relatively few individuals 
(14%) lived beyond middle age. Males seemingly lived longer than 
females. Variation in mean age at death among groups located in 


"In the United States, for example, the infant mortality rate (deaths under 
l year per 1,000 live births, for birth registration States) decreased from 85.8 
іп 1920 to 31.3 in 1949; and according to the censuses, the percentage of the popu- 
lation aged 65 and over was 2.9 in 1870; 41 in 1900; 4.7 in 19205 and 8.2 in 1950. 
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different parts of the State is indicated. Considering adult skeletons 
only (18 years and over) the male to female ratio was 112.6. The 
implication of cultural factors on length of life is discussed. 
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BIRTH INTERVAL AND BODY SIZE 


BY W. W. HOWELLS 


University of Wisconsin * 


ТІ connection with а study of body size and birth order, the writer 
(1) examined certain other family characteristics in relation to 
body size, one of them being birth interval. There were found pre- 
liminary indications that those whose births had followed relatively 
soon after that of the next oldest sibling were shorter on the average 
in adult stature. Such a possibility would not be unreasonable, on the 
hypothesis that a new pregnancy in the immediate post-partum period 
might find that mother’s reproductive system not fully restored to 

normal.” Yerushalmy (4) found evidence that stillbirth rates were 
higher for the shortest (and also the longest) birth intervals, and cited 
Previous work which had, by methods different from his, demonstrated 
the same effect. 

Whether this influence might also have an effect on post-natal 
development is another matter. Such a factor, if actual, might be a 
Significant non-genetic cause of familial variation: it might, for example, 
explain the slight, and statistically unreliable, tendency found by the 
Writer, in the study cited above, for older brothers to exceed younger 
by the argument that elder brothers 


brothers in stature, particularly, 
as younger brothers would 


Would include a proportion of first births ( 
Dot) who thus could not have been exposed to the hazard suggested: 


а less favorable pre-natal environment due to the demands made upon 


the reproductive tract by a very recent oceupant of it. 
At any rate suggestions were found, as has been said, in the brother 


material of smaller stature for short birth intervals. However, the 
Material was then in improper form for study of the question, and an 

1 This study was supported by the Research Committee of the Graduate School, 
from special funds voted by the Wisconsin State Legislature. Measuring or 
Computation involved was performed at various times by Earle L. Reynolds 
Т. үу, McKern, В. L. Hornseth, М. C. Tappen and R. F. Maher. 
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analysis was tried on another series, of Short Course students, entirely 
of Wisconsin farm extraction, measured in 1942. In this case, analysis 
of variance showed that the distribution of stature by “interval to 
previous birth ” was abnormal, the abnormality (excess of between-group 
variance) being significant at the 1% level; also, those with the shortest 
interval to previous birth (1 year) were significantly shorter in stature 


TABLE 1 


Relation of stature and birth interval. Moving averages, 4-month groupings 


STATURE MEANS 
INTERVAL TO 


PREVIOUS BIRTH UNIVERSITY SHORT COURSE 
IN MONTHS STUDENTS, 1947 STUDENTS, 1947 
10 168. (2) 181. (1) 
10-11 168. ( Ду 187. 1.1) 
10-12 173.00 (3) 187. C T) 
10-13 174.40 (5) 173.02 ( 8) 
11-14 172.00 (12) 170.73 (11) 
12-15 17347 (15) 170.73 (11) 
13-16 173.21 (19) 171.70 (17) 
14-17 173.04 (22) 171.54 (11) 
15-18 175.33 (18) 174.09 (11) 
16-19 175.00 (18) 174.07 (12) 
17-20 176.48 (23) 175.02 (13) 
18-21 177.52 (21) 176.50 (14) 
19-92 177.30 (93) 176.91 (11) 
20-23 177.30 (20) 174.31 (13) 
21-24 177.00 (10) 173.00 ( 6) 
22-25 175.15 (8) 171.67 ( 6) 
23-26 176.43 (7) 168.43 (7) 
24-97 170.08 (12) 171.40 ( 5) 
25-28 176.94 (16) 172.83 ( 6) 
26-29 176.70 (17) 173.43 (7) 
27-30 176.30 (13) 177.00 ( 9) 


than the total group. Here also, however, the groupings were unsuitably 
coarse (birth interval being reckoned in round years, from the ages of 
the subjects), and consequently the results are not reproduced. Never- 
theless this indicated further work along the same lines with birth 
interval reckoned more precisely, i.e. in months. This impression was 
sustained by later preliminary runoffs of results, shown in Table 13 
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these, based on the small numbers of subjects available, indicated that 
a division at 18 months would be a reasonable one for the analysis of 
the rest of the material, and that, because of the small numbers, 
groupings had best consist of: first-born, interval 2-18 months, and 
interval 19-г months, without further subdivision. 

Means according to these groupings for all measurements were run 
off for four separate series, three of them being Short Course student 
groups measured in different years (composed entirely of Wisconsin 
farm-living young men) and one being a series of University students 
from urban, non-farm homes.? The results were negative; i.e. there 


-Was no general, reliable indication of differences in body form as between 


those characterized by short intervals to previous births, and those 
characterized by longer intervals, or first-born. It is believed that the 
results should be reported anyway, for the benefit of those interested 
in problems of possible non-genetic effects on physique. 
These results are given in Table 2. In view of the lack of positive 
TABLE 2 
Short Course Students, 1942 


FIRST INTERVAL TO PREVIOUS BIRTH 
А BORN 2-18 Mos. 19-г мов. 
NUMBER 31 11 42 

Stature 176.00 174.27 175.00 
Sitting height 92.06 91.64 91.40 
Total arm length 78.06 17.73 77.57 
Length of radius 268.16 261.18 264.14 
Length of tibia 396.58 395:00 394.17 
Biacromial 398.48 397.36 395.52 
Biiliac 307.68 300.55 302.60 
Head circumference 508.42 558.09 566.40 
Head length 196.81 192.73 195.48 
Head breadth 153.52 150.82 152.43 
Minimum frontal 105.65 104.64 104.57 
Bizygomatic 137.94 139.27 136.86 
Bigonial 108.00 109.73 106.14 
Face height 132.10 128.36 130.71 
Upper face height 82.00 80.64 80.51 
Nose height 63.16 61.55 62.49 
Nose breadth 35.32 36.64 36.24 


2 This material was originally obtained by T. W. McKern (3), to whom I am 
obliged for permission to use it for the present purpose. 
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TABLE 2 (Continued) 
Short Course Students, 1947 


FIRST INTERVAL TO PREVIOUS BIRTH 
BORN 2-18 мов. 19-р моя. 
NUMBER 15 17 40 

Stature 171.20 174,00 175.92 
Sitting height 88.87 90.71 91.50 
Total arm length 78.27 80.47 79.73 
Length of radius 261.73 257.29 262.68 
Length of tibia 374.27 386.47 390.20 
Biacromial 396.47 395.71 394.10 
Війіас 287.87 299.18 300.48 
Head circumference 561.33 567.06 567.03 
Head length 191.47 191.47 193.93 
Head breadth 152.00 153.12 153.48 
Minimum frontal 103.33 104.20 
Bizygomatic 137.60 138.90 
Bigonial 108.53 109.38 
Face height 129.18 
Upper face height 11.45 
Nose height 58.78 
Nose breadth 35.75 


TABLE 2 (Continued ) 
Short Course Students, 1948 


FIRST INTERVAL TO PREVIOUS BIRTH 
BORN 2-18 Mos, 19-2 мов. 
NUMBER 27 14 66 
Stature 175.19 171.21 173.59 
Sitting height 92.00 89.14 91.08 
Total arm length 78.52 76.93 78.06 
Length of radius 262.74 266.07 258.95 
Length of tibia 394.96 390.36 389.74 
Biacromial 409.22 416.36 408.92 
Biiliac 292.37 289.29 291.30 
Head circumference 567.89 564.14 504,74 
Head length 193.30 192.14 193.20 
Head breadth 153.26 153.43 152.77 
Minimum frontal 103.00 101.57 102.21 
Bizygomatie 138.59 138.36 138.32 
Bigonial 105.07 104.57 104.91 
Face height 126.70 127.57 125.35 
Upper face height 76.37 78.21 75.30 
Nose height 58.26 59.57 57.62 
Nose breadth 35.07 34.67 35.26 
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TABLE 2 (Continued) 


University Students, 1947 


FIRST INTERVAL TO PREVIOUS BIRTH 
BORN т-18 мов. 19-х мов. 
NUMBER 85 31 k 99 
Stature 175.95 173.81 176.46 
Sitting height 91.32 90.58 91.56 
Total arm length 77.31 77.80 78.29 
Length of radius 256.11 2 253.72 
Length of tibia 394.06 392.19 394.40 
Biacromial 409.50 409.71 407.03 
Head circumference 569.05 568.61 509.43 
Head length 194.09 195.19 194.39 
Head breadth 153.60 153.39 154.23 
Minimum frontal 105. 105.13 106.11 
Bizygomatie 139.09 139.58 138.55 
Bigonal 106.53 107.07 106.42 
Face height 130.47 129.10 130.19 
Upper face height 78.96 77.90 79.09 
Nose height 61.24 59.65 61.47 
Nose breadth 38.45 38.87 38.29 


2 


trends it is clearly unnecessary to carry out extensive tests of significance 
of differences, and only the means are given. A larger single series 
might have been obtained by combining the three Short Course series, 
whose background is essentially identical except for year of attendance ; 
however, analysis of variance in several measurements showed that this 
could not be properly done; the groups cannot be accepted as samplings 
from the same universe, in this case obviously because of differences in 
measuring technique, the three series having been measured by two 
different observers. 

Stature was the measurement of which the behavior in preliminary 
work led to the full investigation, and it is stature alone which shows 
a good degree of consistency throughout in favor of longer birth intervals. 
The only other measurements even suggesting such a trend are sitting 
height (certainly not limb lengths), head circumference, and possibly 
heights of the face. Perhaps shoulder breadth is consistent in an opposite 
trend, along with head breadth or minimum frontal. However, the 
suspicion is that all the variation is meaningless. Even in the greatest 
stature difference, in the University 1947 series, the long-interval group 
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exceeds the short-interval group by an amount significant only at the 
5% level according to the ¢ test ; however, analysis of variance indicates 
that the whole distribution of stature in this series is probably not 
abnormal, indicating that this difference should be disregarded. 

In Table 3 a further comparison is made, this one consisting of 


TABLE 3 


Mean differences, in millimeters, between contiguous pairs 
of brothers, all birth orders, according to interval between 
their births. (Plus values favor elder brothers). 


INTERVAL BETWEEN BIRTI IS 


w-18 мов. 19-2 мов. 
Stature 19.40 (25) 1.20 (49) 
Sitting height 6.31 (26) 3.80 (50) 
Upper arm length — 42 (26) 2.70 (50) 
Lower arm length 2.15 (26) 15 (51) 
Lower leg length —.96 (25) — 2.22 (49) 
Biacromial 96 (26) 2.76 (51) 
Biiliac 42 (26) 2.49 (51) 
Head circumference 5.69 (26) — 1.68 (50) 
Head length 2.19 (26) == 21 (51) 
Head breadth 1.04 (26) = ДЕ (51) 
Head height — .23 (26) --190 (51) 
Minimum frontal ЛТ (26) — 98 (51) 
Bizygomatie 1.38 (26) 1.08 (51) 
Bigonial 38 (26) 1.37 (51) 
Face height — 93 (26) 61 (51) 
Upper face height — 62 (26) 439 (51) 
Nose height 481 (26) -- 24 (61) 
Nose breadth — 54 (26) 24 (50) 
Ear length 27 (26) 118 (51) 
Ear breadth 


—.58 (26) — 51 (51) 


actual differences between 


pairs of brothers (from Howells, 1, 2) 
according to birth interval, 


This has a complicating factor, since the 
older brothers are partly first births, and partly those who may have had 
a short interval to previous birth themselves, There is no indication 
of general trend, or of sieni this material; however, 


me trend, and biacromial breadth likewise follows 


the opposite trend. Ney. 
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While this material was in preparation, and before the results were 
known, it was decided to look into another possible biological result of 
variation in birth interval: whether postnatal mortality, like the still- 
birth rate, might be influenced by this pre-natal factor. To get a popu- 
lation not under the influence of birth control (in its present overt 
form), and in which death had overtaken everyone, material was taken 
from the published Vital Records of Massachusetts towns, which list 
recorded births, marriages and deaths up to 1850 (and are apparently 
fairly complete in their listings of infant and juvenile deaths). The 
manner of searching this material—having to find both birth and death 


TABLE 4 


Birth interval and length of life. Data from Vital Records of 
Massachusetts towns; deaths prior to 1850. 
(Expected frequencies in italics). 


AGE AT DEATH 


INTERVAL TO 


PREVIOUS BIRTH 0-20 20-50 50-т TOTAL 

First born 10 11 7 28 
10.76 9.49 7.5 

о 0-20 mos. 15 21 12 48 
18.44 16.37 13.29 

21-30 mos. 25 19 23 67 
25.7 2271 18.54 

31-2 mos. 18 9 7 34 
13.06 11.58 9.41 

Total 68 60 49 177 

х? = 7.24 
degrees of freedom = 6 
= .30 


dates of an individual—imposes at least two biases, neither of them 
unfavorable: the individuals concerned lived in the same town or nearby 
throughout life; and large families were necessarily selected, to give a 
better chance of finding both birth interval and death date for the same 
individual. First births are derived from the same families. Naturally, 
even with plentiful records, it is not too easy to make up a large sample 
of data; the 177 used were found without too great an expenditure of 
time, however, and were considered adequate for purposes of a test. 
The result is shown in Table 4. This constitutes the most favorable 
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arrangement of the data for the hypothesis under scrutiny. ТЕ is evident 
that no support for the hypothesis appears. Even though the numbers 
are small, there is no encouragement to try a broader survey of the 
same kind. 

The tests described in this paper are not only based on small numbers 
but are relatively crude, since other possible influencing factors, such as 
family Size, age of mother, ete., cannot be isolated or held constant 
without more material? The hypothesis, however, would appear to be 
discredited, Possibly the influence reported by Yerushalmy and others 
may have a selective effect, by tending io climinate through stillbirth 
those suffering the handicap of a short interval to Previous birth, or at 
least in this Way reducing the residual effect of such a factor to a 
minimum. It would take a considerably wider study than the present 
one to discover if this із 80 
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THE DETERMINATION OF THE SEX OF SKELETONS, 
AS ILLUSTRATED BY A STUDY OF 
THE ESKIMO PELVIS 


ВУ В. Е. HANNA AND S. L. WASHBURN 
Anthropology Department, University of Chicago 


HE purpose of this paper is to present a method of determining 

the sex of skeletons, which avoids the necessity of the investigator 
making subjective judgments. Not only are such determinations impor- 
tant in medico-legal cases but they are the first step in the study of 
archeological remains. In spite of the importance of this problem, 
there appears to be no objective method of ascertaining the sex, even 
of the pelvis. It has been standard procedure on the part of anthrop- 
ologists in this country to sort skeletons of unknown sex into males 
and females and then to treat these groups separately. Clearly the 
sexual differentiation described in this way is dependent to an unknown 
extent on the biases of the person making the original decisions. If 
there were very few cases of doubtful sex, this might not be a matter of 
practical concern, but Howells (741) estimates that there may be dis- 
agreement among experts in 15% of cases, and this is more than enough 
to cause major difficulty in the study of race, sex, and variability of 
prehistoric populations. 

Studies on pelves of known sex from anatomical laboratories have 
shown that the pubic bone is relatively longer in the female and that 
the sex of the majority of pelves can be determined by the relative 
length of the ischium and the pubis (Washburn, 48, 49). However, 
these studies also show that there are racial differences in this index, 
just as there are in all other skeletal indicators of sex. Because of 
this variation it is not possible to apply the standards of samples of 
known sex to new series from widely varying times and places. Krukierek 
(51) has shown that the form of the pelvis is affected by environment 
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(probably diet) and so standards must be applied with caution, even 
within the same racial group. 

What is needed is а quantitative method which will divide a series 
automatically into those probably male and those probably female and 
which will allow some estimate of the error. То be useful the method 
must work, even if the degree of sexual differentiation in the new 
sample is somewhat different from that of any group previously inves- 
tigated. It may be assumed that the sexual differentiation in the new 
series will be of the same general nature as that in samples of known 
sex, but the means and variabilities may well be different. 

Since previous studies have described differences between American 
Whites and Negroes (Straus, 27 and Washburn, 748) and Bantu (Wash- 
burn, 49), Mongoloids were selected for this investigation. Through 
the generosity of Dr. T. D. Stewart it was possible for Hanna to study 
the extensive collection of Eskimo skeletons in the U. 8. National 
Museum. We are grateful to Dr. Stewart for his help and advice. We 
wish to thank the Wenner-Gren Foundation for Anthropological Research 
whose financial support made this study possibles. 


Material and methods. The series investigated consists of 224 skele- 
tons of Eskimos from Alaska. No known Indians or Aleuts are included. 
The length of pubis, ischium, upper ilium, and lower ilium, and angle 
of the sciatic notch were measured on 224 right innominate bones. All 
were adult, judging by the pubic symphysis. Length of pubis and 
ischium were measured according to the technique described by Schultz 
(30). In measuring the Шас heights the technique described by Straus 
(27) was followed. The angle of the sciatic notch was determined Бу: 
placing the innominate bone, medial surface upward, on a piece of paper; 
tracing the shadow of the notch cast by a single, distant light; and 
drawing straight lines tangent to the sides of the notch. The angle 
between the lines was measured, and both the tracing and measurement 
were checked against the innominate bone to make sure that there had 
been no distortion. All the measurements were taken by Hanna. 

Various methods of sorting the data were tried and the most effective 
is shown in Figure 1. If the ischium-pubis index is plotted on one axis 
and the angle of the sciatic notch on the other, the data are sorted into 
two distributions which are almost completely separate. After con- 
sidering, in addition, the interiliae index and Bross size, the two groups 
were divided, as shown by the line in Figure 1. 


Using this division, 
the mean, range and standard deviation of each me 


asurement and index 


Sc а 


_ ч 
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was calculated, and the result are shown in Table 1. The correlations 


of the measurements and indices are shown in Table 2. 


TABLE 1 


Measurements and Indices of 95 “ female” and 129 “ male " Eskimo 


* FEMALE ” “MALE” 
Mean Range S.D. С.У. | Mean Range 8.р. С.У. 


Pubis length, mm. 30.1 (73-90) 51 03 741 (63-85) 40 5.3 
Ischium length, mm. | 81.0 (72-89) 50 6.1 88.4 (79-98) 4.0 4.5 


Ischium-Pubis 
Index, % "| 08.8 (91-109) 38 38 839 (73-92) 3.7 44 


Sciatie Notch 
Angle, degrees 74.4 (61-93) та 9.5 50.4 (26-65) 84 10.6 


Upper Шас 
Height, mm. 642 (50-76) 54 84 


-1 
г 
> 


(61-85) 52 72 


Lower Піас 
Height, mm. 61.8 


(54-77) 6.9 пл 54.5 (42-07) 54 9.9 
(73-140) 14.1 13.4 133.6 (100-177) 15.9 11.9 


Interiliae Index, Фе [104.5 


TABLE 2 


Coefficients of Correlation 


* MALE” * FEMALE " 

Ischium-pubis Index 

and Angle of Sciatic Notch + .32 —1й 
Ischium-pubis Index 

and Interiliae Index — .08 + .01 
Pubis length 

and Lower Iliac height — .06 adm 
Ischium length 

and Upper Iliae height + .40 +37 


Discussion. On the basis of the combination of the ischium-pubis 
h, the interiliae index, and gross size, 


index, the angle of the sciatic note 
the Eskimo innominate bones were divided into two groups, as shown in 
terized by high ischium-pubis 


Figures 1 and 2. One group is charac 
indices, wide sciatic notches, low interiliac indices, and small size. 
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Investigations of pelves of known sex have shown that these are the 
characteristics of females (Straus, 97 and Washburn, 748, 49). Соп- 
versely, the traits of the other group are those of males. The ischium- 
pubis indices of these Eskimo are almost identical with those of Whites 
of known sex from anatomical laboratories (White male, 83.6%, Eskimo, 
83.9% ; White female, 99.5%, Eskimo, 98.89). There are very few 
cases which are intermediate in character, and, even the sorting shown 
in Figure 1, which is based only on the ischium-pubis index and the 
sciatic notch, separates over 9596 of the total series into two very distinct 
groups. There is no indication of 1590 of skeletons of uncertain sex, 
as has been suggested in the literature (Howells, 741, Hooton, 746). 

Although most of the determinations of sex seem to be correct, there 
àre some marginal cases, and these need to be considered in more detail 
to judge the effectiveness of the method. In considering the probability 
of the assignment of sex in any individual case, the consistency of the 
traits should be emphasized. There are no cases at all in which extreme 
male features are combined with female characters. For example, in the 
whole series there are many specimens with narrow sciatic notches and 
many with high ischium-pubis indices, but in no single case is an angle 
of over 70 degrees combined with an index of less than 90%. Conversely, 
а notch of less than 60 degrees is never combined with an index of over 
92%. Ап interiliac index of over 140% never is associated with a wide 
notch or high ischium-pubis index, while interiliac indices of less than 
100% only occur in combination with wide notches and high ischium- 
pubis indices. In other word, there are no cases in which a trait which 
is clearly male or female is combined with a character of the opposite sex. 
This method of sorting stresses the certainty at the extremes, rather 
than the probability computed from the averages. On the basis of series 
of known sex, and the combinations of traits in this series, there is no 
reason to suppose that extremely male traits ever oceur in combination 
with extremely female traits, (barring pathology or very rare anomalies). 
Innominate bones whose sex can not be determined with certainty will 
be ones which are intermediate in all the characters used in sorting. 
Tn this series the borderline cases will have ischium-pubis indices between 
90-92%, combined with angles of 60-70? and interiliac indices of 100- 
140%, with ischia 80-90 mm. long. There are only 2 such individuals 
in 224 cases. 

Since there are very few errors in the assignment of Sex, the means 
and standard deviation of the measurements and indices of each sex 
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will be approximately correct. Therefore, a calculation of the chances 
of error in the determination of the sex of an individual specimen can 
be made. The correlations between the characters used in sorting are 
low (Table 2), and, therefore, probability of error will be the product 
of the chances of each sorting criterion taken separately. The chances 
of successful assignment of sex are better than 10-1 for the ischium pubis- 
index, 5-1 for the angle of the sciatic notch, and 2-1 for the interiliac 
index. Theoretically the number of uncertain cases should be 1%, and 
there are two possibly intermediate cases in the series of 224 Eskimo 
pelves. 

An independent check on the reliability of this method is possible 
because Hrdlička had marked his opinion of the sex on 173 skulls of 
these same skeletons. Our determinations agree with his in all but 
8 cases. In 7 of the cases, in which we disagree the pelvis is clearly 
male or female, and we see no reason to change our opinion. In one 
of the 2 cases which are doubtful according to our criteria we disagree 
with Hrdlička, but here he disagrees with himself for he had marked 
the femur of this individual male and the skull female. Considering 
all the evidence, we feel that this is the only individual in the series 
whose sex is in reasonable doubt. 

The method of determining the sex of innominate bones described 
here differs fundamentally from that now used by most anthropologists. 
According to this method the assignment of sex is the result of the 
measurements, rather than being made prior to the measurements. The 
difference can be made clear if one considers what would be done if 
another specimen were added to the series, Traditionally, the sex of 
the bone would be guessed and then the measurements taken. By the 
method described in this paper, the measurements are taken first, the 
position of the specimen in the series is determined, and finally an 
estimate of the sex is given. The importance of the difference in pro- 
cedure arises from two sets of factors. If sex is assigned first, then the 
measurements can do no more than quantify the opinion of the person 
who guessed the sex. The investigator may be right most of the time, 
but this can not be proved because all the observer’s biases are incor- 
porated into the original sorting. Second, if sex is assigned, it is not 
known why any particnlar individual was put into one category rather 
than the other. Any one of the many criteria may have been used, and, 
although a good morphologist is probably nearly always correct in his 
designation, he can neither teach others nor improve his methods, except 
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in the sense that an art can be taught and improved. The present 
method can be easily taught, and can be improved by devising measure- 
ments which separate the sexes more effectively or by adding additional, 
uncorrelated measurements. In short, the method recommended here 
is more useful than the traditional anthropological one of depending 
on personal judgment because: the basis for the assignment of sex is 
explicit and can be improved, a beginner can do as well as an expert, 
and it automatically adjusts to the variations in new series. 
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THIGH GIRTH AS A MEANS FOR EVALUATION 
OF NUTRITIONAL STATUS 


BY BOZO SKERLJ 


University of Ljubljana, Yugoslavia 


IFFERENT methods have been employed to evaluate the nutri- 
D tional status of a person, including classical anthropometry, spe- 
cific gravity determinations, and X-ray pictures. The caloric aspect of 
nutritional status may be evaluated best by considering the fatness of 
the body estimated from specific gravity. But such a determination is a 
long and complex procedure. X-rays may show the thickness of skin 
and subcutaneous fat very well; but, again, the procedure is very expen- 
Sive and the delineation between Skin and fat is not possible. Thus the 
use of an adequate, simple anthropometrie method still has a rational 
basis. 

In addition to determining body weight (gross and related to age 
and stature) two techniques seem to be useful: (1) measuring skinfolds 
by a special caliper; (2) measuring circumferences, Unfortunately, 
there still is no standardized caliper available and a standard method of 
measuring skinfolds is lacking. The technique of measuring circum- 
ferences, however, is fairly standardized and simple and may yield fair 
results when measurements are considered in relation to some other 
measurement such as height or weight. 

The data discussed in the present paper were obtained on 311 men 
18-23 years old and 435 women 17-23 years old in the central medical 
clinic of the schools of Ljubljana (Škerlj, 50). Т 
taken during the academic year 1939-40, the last 


normal year in Yugo- 
slavia prior to the Italian and German occup 


ation. In the program of 
hool and college youths of 
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(after exhaling) values were determined and averaged. The waist girth 
was measured above the navel to get the minimum circumference of the 
trunk, Neither of these measurements can be taken with high certainty 
and therefore were recorded to the nearest 0.5 ст only. The thigh girth 
was measured (in mm) around the thickest part of the thigh in the 
middle of the upper third. The subjects stood with the weight on the 
measured limb, normally the right one. 

In order to ascertain the usefulness of the measurements, the “соп- 
stitutional " type was determined in both sexes; in females the “plastic” 
type and the size of the breasts also was considered. “ Constitutional" 
types were labelled *leptosomatie," “mixed,” and *eurysomatie?; the 
“plastic” types, referring to the body mass evaluated by inspection, 
were labelled *hypo-," * normo-," and “hyper-plastic.” The size of the 
breasts was rated on a 5-point scale. 

To find out which of the three circumferences may be the best for 
evaluating the nutritional status, various correlations were calculated. 
The results are given in Table 1. 


RESULTS 


1. In males, chest girth has the highest correlation with stature, and 
thigh girth the lowest; in females, waist girth has the lowest correlation. 
All coefficients are rather low. | | | 

2. In both sexes, chest girth has the lowest correlation with weight, 
thigh girth the highest. The coefficients in females are somewhat higher 
than in males. . : | 

3. In both sexes, the correlation between thigh girth and chest girth 
is lower than between thigh and waist or between chest and waist. 

4. Chest girth has the highest correlation with “constitutional ” 
types in both sexes. | : 

5. Of all the measurements, thigh girth shows the highest correlation 
with “plastic” type. | . 2 

6. The correlation of the size of the breasts with thigh girth is some- 
what greater than with chest and waist girth. 


In anthropometric studies chest and waist girth are usually given. 
But we know that both not only measure bones and soft tissues (muscles 
and fat), but also the variable volume of some of the viscera; the abdomen 
may be distended, or the lungs may contain more or less air. Even on 
а priori grounds, the thigh girth therefore seems to be a better indication 
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of the nutritional status of the subject measured. Very probably the 


same is true of the upper arm girth (Brožek and Keys, ^51 and Lasker, 
за). 


TABLE 1 
Correlations of the girths with other characteristics 


311 18-23 435 17-23 


5 2) 
ConnELATIONS Year old males year old female 


Stature width 


chest girth 
waist girth 


311 = .034 200 + .029 


256 = .036 -168 + .031 
thigh girth 246 + | 


036 215 + .031 
Weight width 
chest girth 1756 = (016 809 + .011 
waist girth A95 = 014 824 = .014 
thigh girth 854 = .010 864 = .008 
Chest with waist girth -669 = .021 789 + .012 
Chest with thigh girth :620 = (093 072 = 018 
Waist with thigh girth -670 + 021 1726 + .015 
st Constitution with 
chest girth 587 = 027 430 = .026 
Waist girth 419 + 032 376 = 098 
thigh girth 381 = .033 „402 = .027 
“Plastic” type with 
chest girth 473 + .025 
waist girth 488 = 025 
thigh girth :630 = .019 
Size of breasts with 
chest girth -387 = .028 
Waist girth 406 = .027 
thigh girth 422 + 027 


8 the thigh Birth are clear: it is a rapids 
i 5 when measured, the 


ation with the « plastic” types and 
ales) is quite high. This latter зар” 
hyper-plastic > type and the size 0 


па == 
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* normal? weight, we have to know what we are weighing; one may say 
the same about measuring circumferences for the purpose of evaluating 
leanness-fatness. From this point of view it seems that the upper arm 
and the thigh girth are the best simple anthropometrie measures to 
appraise individual nutritional status. For the present reference sample 
one would say that (using plus and minus two standard deviations 
from the mean as limits) men having a thigh girth relative to stature 
lower than 27 could be considered as lean, those having more than 36 
as fat. In women, the mean thigh girth relative to stature is about 35; 
if it is lower than 29 the subject may be regarded as lean, if more than 
41 as fat. 

There are two minor disadvantages inherent in this method. The 
measurement is made near the sexual organs and it is therefore necessary 
to exercise great tact. Pressure of the tape can be highly arbitrary and 
it seems best to measure without pressure on the tape. From measuring 
thigh girth, one ean say nothing about the relation of muscle tissue to 
fat. Better than any other simple measure, however, thigh girth enables 
one to consider the nutritional status according to the development of 


the subject’s soft tissues as a whole. 
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THE DEVELOPMENT OF SEX DIFFERENCES IN 
BODY DIMENSIONS, EVALUATED IN TERMS 
OF THE CRITICAL RATIO 


BY BOZO SKERLJ 


University of Ljubljana, Yugoslavia 


N the average, the adult man is bigger than the adult woman—his 
O shoulders are broader, the thorax more voluminous, ete. How and 
when do these differences develop? Even though longitudinal studies 
have unquestionable advantages, some of these questions can be answered 
by the use of critical ratios 


3 ре it- 
Which serve to test the significance of di 
ferences between measurements in cross-sectional studies. 


TABLE 1 


Size of the age groups 


AGE IN YEARS 


15 10 17 18 19 2023 Total 


147 16 100 104 116 10 па 1097 
200 253 133 137 157 


The present stud 
of Ljubljana who w 


(Skerlj, 250). Тһе ages w 


Surements include the following: stature, weight, 

bi-acromial, bi-cristal, and bi-trochanter!¢ 
girths, and vital capacity (by Hutchinson 8 
Surements some indices and relative meas- 
The children were a random sample of healthy 


ete A es 
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The data were evaluated by calculating the means, the differences 
between means (D), and their probable errors (PE). The critical ratios 
(D/PE) were considered significant when the ratio was between 3 and 
4.5, and highly significant when it exceeded 4.5. The direction of the 


TABLE 2 


Development of sex differences 


AGE IN YEARS 


Characters 11 12 13 14 15 16 17 18 19 20-23 
Head length вввввввввв 
Head breadth Bb BBBBBBBB 
Cephalic index о о о о о оо 8 о о 
Weight г о С Gob BB B B 
Stature оо вс ОВВВВВВ 
м Rohrer's index oooG ос ас ава GG 
Bi-acromial width о о о o BBB B B B 
Rel. bi-acromial width Bo Bb о b b Bb B 
Bi-eristal width o GG 0 Gg go о o 
Rel. bi-cristal width осасавсссвсввоваов 
Bi-trochanterie width с с (С 6666 о о o 
Rel. bi-trochanterie width сассессеасс 
Chest girth bo о o b BB B BB 
Rel. chest girth Bb В о о о о о о b 
Waist girth ooo bo B B B B В 
Rel. waist girth о о о о g о о о бо 
Thigh girth г GGGGGGGaa 
Rel. thigh girth ogg GGG Gc GGG 
Lorentz’ spiroindex BBB BBBBBBB 


Rohrer’s index gives the relation between stature and weight by the formula 
Weight, in gm 
stature’, in сш 
stature. Lorentz’ spiroindex gives the relation of the exhaled air in em? per cm 
of stature. 


X 100. “Rel.” means the respective measurement relative to 


differences is indicated by the use of small (b, є) and capital letters 
(В, а), respectively. The letter indicates the sex in which the means 
are larger (В for boy, @ for Girl). Small o indicates the absence of a 
significant difference. The results are presented in Table 2. 

The absolute length and breadth of the head is significantly higher 


и”, 


% 
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in boys during the whole period of observation. Except at 11, 13, 14, 
and 15 years of аре, the girls’ cephalic indices are slightly higher. 

Weight is significantly greater in girls in the 13th and the 14th year, 
in boys, from the 16th year on. Stature is slightly greater in girls in the 
13th year, but from the 15th year on, boys are significantly taller. 
Rohrer’s index is significantly higher in girls from the 14th year on. 

In widths the sexual differences are very interesting. As could be 
expected, the absolute measurements do not show the same trends as the 
relative values. The absolute bi-acromial width is significantly higher in 
boys from 15 years on, the absolute bi-cristal width in girls from the 12th 
to 15th year of age. The latter is slightly higher in girls till the 17th 
year when the sex difference disappears. This is in agreement with the 
faster growth of girls in the first half of the period under consideration. 
Similarly, the absolute bi-trochanterie width is higher in girls from 11 
to 17 years; later there із no sex difference. 

In girls the relative bi-acromial width tends to be lower than in boys: 
The relative bi-cristal width is significantly higher in girls from the 12th 
year on, whereas the relative bi-trochanterie width is higher in girls 
throughout the whole period. 

In boys, the absolute chest and waist girths are definitely higher from 
the 16th year on. The absolute thigh girth is higher in girls throughout. 
In the cireumferences relative to stature, boys tend to have a larger chests 
girls a larger waist circumference but the sex differences are not very 
marked. The relative thigh girth is insignificantly higher in girls in the 
11th year; the difference is slightly significant in the 12th and 13th 
years, and highly significant from the 14th year on. Finally, Lorentz 
spiroindex indicates a significant sex difference throughout the whole 


period, with the boys having higher values even during the period when 
girls develop faster (11th to 15th year). 
Some anthropometric sex differences are present even before ihe 


pubertal age, some only thereafter. Absolute head length and breadth 
as well as Lorentz’ spiroindex, in boys, relative cireumferences of hips 
and thighs, in girls, are significantly larger from 11 years to maturity: 
The cephalic index and the relative waist girth are, broadly speaking: 
sexually indifferent characters. Stature, Rohrer’s index. bi-acrom!à 
width, relative bi-cristal width, absolute chest and waist girth becom? 
significantly diferent during puberty. Absolute bi-cristal and Laer 
chantrie widths as well as relative chest girth become sexually indifferen 
characters after 18 years of age. The sex differences in weight reverse 


themselves around the age of 15 years. 
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Of the 19 characters investigated, seven are significantly different in 
the 11th year, six in the 12th, eleven in the 13th and 14th years, twelve 
in the 15th year, thirteen in the 16th year, and fourteen from the 17th 
year on. 

The results obtained in this investigation contribute to our knowl- 
edge of the development of secondary sex differences during the prepu- 
bertal, pubertal and carly adult ages. Similar studies of other characters 
in subjects of this age range as well as the investigation of children 
during the first decade of life would throw additional light on the 
development of sex differences. 
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PREVALENCE OF LEFT-HANDEDNESS AMONG 
SELECTIVE SERVICE REGISTRANTS 


Medical Statistics Division, Office of The Surgeon General, 
Department of the Army 


INTRODUCTION 


ПЕ findings presented here on the prevalence of left-handedness 

among Selective Service registrants examined for military service are 
based on information obtained from the “ Report of Medical History " 
(Standard Form 89). These individual reports are accomplished at the 
examining induction stations at the time the registrants are given 8 
medical examination to determine their fitness for military service. The 
established procedures for the medical processing of registrants require 
that a medical history be taken on each examinee (Special Regulations, 
351). 

This report form is designed primarily to provide data on the 
examinee’s health status (past and present) and also some similar data 
regarding his blood relations and other relatives. The questions on the 
form are therefore predominantly medical. The medical information 
reported on the form is used by the examining physician as a reference 
when conducting the medical examination. Specifically, it serves to 
alert the physician to conditions or ailments which ordinarily are not 
readily discernible. 

In addition to the questions about health, the form contains questions 
regarding the examinee's occupation, employment, and some personal 
characteristics. Among the last group of questions, is the following 
question : 


“Are you (check one) [] Right handed Г] Left handed." 
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GENERAL CONSIDERATIONS 


The * Report of Medical History” is a self-administered paper-and- 
peneil form. It is filled out by the examinee in his own handwriting. 
Neither oral nor written instructions are given for completing the form. 
Assistance is provided only whenever the registrant has difficulty in 
understanding the questions ; such difficulty arises chiefly with respect to 
unfamiliar medical terms used on the form. 

The reliability of information obtained from this type of form 
depends, of course, on whether the respondent is able and willing to 
supply the correct answers to the questions. The respondent may not 
know the right answer. In the case of the Report of Medical History, 
it may be especially true with respect to certain medical questions. On 
the other hand, the respondent may know, but for some reason(s) be 
unwilling to supply the right answer. This may be true of questions 
on the form dealing, for instance, with undesirable habits or traits of 
character (eg homosexuality, chronic drunkenness, еіс.). In these cases, 
the type of answer may be adversely motivated either by certain social 
factors (stigma attached to such traits, ete.), or by the individual's desire 
or lack of desire to be accepted for military service. However in regard 
to the particular question on handedness, there seems to be no basis to 
doubt the individual's ability or willingness to give the correct answer. 

The answer to this question is what the individual registrant considers 
himself to be: either right-handed or left-handed. In view of the fact 
that we are dealing here with an adult group, this particular self- 
appraisal formed by the jndividual on the basis of his own experience 
may be assumed to be generally accurate. It may be also assumed that 
the information is generally free of bias, in the sense that the answer to 
the question may be taken as being genuine, since handedness per se is 
not a factor in determining the individual's acceptablity for military 
service—a fact presumably well-known to the examinee. 

This investigation evolved from an inquiry made to the Office of 
The Surgeon General, Army, as to the proportion of left-handed indi- 
viduals among personnel of the Armed Forces. It appeared from this 
inquiry that the information might possibly be used as an index of the 
prevalence of left-handedness in the total population. Though left- 
handedness as such is not disqualifying for military service, as previously 
noted, past studies on left-handedness seemed to suggest that it might be 
associated to a certain extent with some physical or mental conditions 
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(Wile, 734) which might be of disqualifying nature. To preclude there- 
fore possible bias that could result from limiting the investigation to 
Army (qualified) personnel, the study was broadened to include both 
registrants who were qualified and those who were disqualified for 


TABLE 1 


Prevalence of left-handedness among qualified and disqualified 
registrants examined at armed forces eramining stations, 
Continental United States, by army area, 19521 


QUALIFIED (INDUCED) DISQUALIFIED 
Number Number 
ARMY Total Left- Total Left- 
AREA? Number Handed Number Handed 
(1) (2) (3) (4) 
T 1,187 91 610 70 
11 1,180 93 1,238 130 
ІП 836 60 1,487 133 
IV 530 36 1,233 101 
У 1,788 148 759 82 
УІ 519 43 792 тт 
Total 6,040 471 6,119 593 
—— 


'Souree: Standard Forms 89 (“ Report of Medical History "), received by 


the Department of the Army during the following dates: 19 June, 28 June and 
30 June, 1952. 


2 States within each army area are as follows: First Army A rea—Connecticut, 
Maine, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, 
and Vermont; Second Army Area—Delaware, District of Columbia, Kentucky: 
Maryland, Ohio, Pennsylvania, Virginia, and West Virginia; Third Army pet 
Alabama, Florida, Georgia, Mississippi, North Carolina, South Carolina, 886 
Tennessee; Fourth Army Arca—Arkansas, Louisiana, New Mexico, Oklahom?: 
and Texas; Fifth Army Arca—Colorado, Illinois, Indiana, Iowa, Kansas, Michig®™ 
Minnesota, Missouri, Nebraska, North Dakota, South Dakota, Wisconsin, dn 
Wyoming; Sith Army Area—Arizona, California, Idaho, Montana, Nevada, 
Oregon, Utah, and Washington. 


military service. The information was abstracted by means of a hand 
tabulation from the Standard Forms 89 (* Report of Medical History ) 


that were received by the Department of the Army during the following 
dates: 19 June, 28 June, and 30 June, 1952. | 


The obtained data are shown in Table 1. 
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PREVALENCE RATES BY ARMY AREA AND CHI-SQUARE ANALYSIS 


Slightly over 12,000 forms from the Continental United States were 
hand-tabulated. The tabulation was made separately for the qualified 
group and the disqualified group (sample groups), and each of these 
groups was stratified by army area (sample components). (The Con- 
tinental United States are separated into six army areas which roughly 
correspond to the geographic subdivisions used by the Bureau of the 
Census. The states included in each army area are specified in the second 
footnote to Table 1.) 

Because of possible differences in the prevalence of left-handedness 
between these groups, the prevalence rate of each army area within the 
qualified group and the disqualified group was computed, prior to 
deriving rates reflecting the prevalence of left-handedness among all 
registrants (qualified plus disqualified). A chi-square analysis was then 
undertaken to determine whether any statistically significant differences 
exist between the rates of the following sample components: а. Between 
army areas within the qualified group; b. between army areas within the 
disqualified group; and c. between the qualified and the disqualified 
components of each army area and all army areas combined. 

As seen from Table 2, the prevalence of left-handedness by army area 
within the qualified group ranged from 6.8 percent in the Fourth Army 
Area to 8.3 percent in the Fifth and Sixth Army Areas. However, a 
chi-square analysis of these rates indicate that the probability (P) of 
obtaining a chi-square value equal to or greater than that obtained for 
the qualified group by army area was as large as approximately .85 
(.90 > P > .80; Table 3, А). In other words, the derived chi-square 
values indicated a very high probability that the variations between 
these rates by army area could have arisen by chance alone. 

For the disqualified group, the prevalence rates of left-handedness 
ranged from 8.2 percent in the Fourth Army Area, to 11.5 percent in the 
First Army Area (Table 2, В). In this case, the probability (P) of 
securing by chance а chi-square value as great or greater than that 
obtained for the disqualified group was approximately .15 (.20 > Р 
> 10; Table 3, В). 

Neither of these groups thus indicated statistically significant differ- 
ences by army area, either at the 1 percent or 5 percent level of signifi- 
cance. It means that no statistically significant geographic differentials, 
as determined by army area, were found in the prevalence of left- 
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TABLE 2 


i і ' Ч "ni States 
Prevalence of left-handedness among registrants in the Continental United St 


processed for military service: a. qualified; b. disqualified, and с. 


total examined (qualified and disqualified), 
by army arca, 1952 5 


PREVALENCE IN PERCENT 


Confidence Intervals 


ARMY AREA 


Percent Confidence Сред Я 
AND Left-handed Coefficient Oue Moron 
GROUP 0.95 0:09 
Qj C (2 (3) 22 
А. Qualified (Inducted ) 
I m 
II 7.9 
ІШ 72 i 
IV 6.8 48- 9.3 
У 83 7.0- 9.7 
VI 8.3 6.1-11.0 
Total U.S, 7.9 12-85 =: 
о 
І 11.5 9.1-14.3 84-192 
п 10.5 8.8-12.3 8.3-13.0 
ш 8.9 7.5-10.5 ан 
ТУ 8.2 6.7- 9.9 pape 
M 10.8 8.7-13.3 (€ 
VI 9.7 7.8-12.0 7.2-12. 
Total U. S. 10.1 9.3-10.9 9.0-11.2 
С. Total Examined 
(Qualified & Disqualified) 

Р 4 
I 8.7 7.4-10.0 шарын 
п 88 7.6- 90 apo 
ПІ 8.1 6.9- 92 6.6- 9. 
Iv 7.4 6.0- 8.8 5.5- 22 
У 8.9 7.8-10.0 ge 
МІ 8.8 71-10.5 6.6-11- 
Total U.S. 8.6 8:0- 91 7.9- 9.3 


"NS S WS вані 


* See « Technical Note,” at the end of the article, 
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handedness among analogous (qualified or disqualified) groups of 
registrants. ^ 

Different results however, were obtained when the prevalence rate 
of each army area in the qualified group was compared with the corre- 


TABLE 3 


Chi-square values * 


LEVEL OF 


DEGREES STATISTICAL 
оғ PROBABILITY SIGNIFICANCE 
GROUP TESTED е FREEDOM (Р) 0.05 0.01 
A. Qualified (by Army Area) 1.977 5 90 >P>.80 - - 
В. Disqualified (Бу Army Area) 8.337 5 20 >P>.10 - - 
С. Qualified ув, Disqualified: 
а. Individual Samples: 
First Army Area 7.167 51 .0077 > Р> .0073 + + 
Second Army Area 4.052 1 .0269>Р>.0254 + + 
Third Army Area 2.194 1 .1473 > P >.1380 -- = 
Fourth Army Area 1.012 1 8173 > P > 2943 — — 
Fifth Army Area 4.140 1 (0429 > Ро» 0404 “Р = 
Sixth Army Area 1779 1 -3802 > Р> 3711 -- = 
b. Total (Pooled samples) 13.643 1 .001 >Р>0 + + 
с. Total (Sum ої x? of the 
individual components) 20.244 6 (01 >Р>.001 + + 
d. Interaction x? value 6.001 5 30 >Р>.20 = - 


* Relate to the data of Table 1. The chi-square values for “ Qualified (by Army 
Area)” and “ Disqualified (by Army Area)” were calculated by the Brandt and Snedecor 
Method. (See: Snedecor, 750: “А special method of computing chi-square in В Х 2 
table,” pp, 205-206.) For the method used in computing the chi-square values of 
Qualified уз. Disqualified and a general discussion of chi-square values derived from 
a pooled sample versus chi-square values obtained by summing the chi-square values 
ої the individual samples, see Snedecor, (750), pp. 188-193, or Ferber, (740): pp. 206, 
270-275. Тһе “Р” values for 1 degree of freedom were taken from Yule and Kendall, 
(48): рр. 534-535. Plus sign (+) means “significant " and minus sign (—) means 
“nonsignificant,” at the particular level of significance. 


sponding rate of the army area in the disqualified group. In analyzing 
these rates, three army areas (First, Second, and Fifth) showed chi- 
square values that were statistically significant at least at the 5 percent 
level of significance. In the other three army areas (Third, Fourth, 


and Sixth), none of the chi-square values reached the value corresponding 
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to 1 percent or 5 percent level of significance (Table 3, Ca). However, 
all differences were in the same direction; that is, each army area in the 
disqualified group showed a higher prevalence of left-handedness than 
that shown by the same area in the qualified group (Table 2). 

The chi-square value obtained in comparing the over-all (all area com- 
bined) prevalence rate of the disqualified group with the over-all rate of 
the qualified group was larger than the chi-square value for 1 percent level 
of significance. This held true when the chi-square value was computed 
by pooling the samples (Table 3, Cb), or by summing the individual 
chi-square values (Table 3, Се). The obtained chi-square values of 
the over-all rates thus indicated that the prevalence of left-handedness 
among disqualified registrants was significantly higher than among the 
qualified registrants. The validity of this statement was further corro- 
borated by the fact that the interaction chi-square value was much 
below that of the 5 percent level of significance (.30 > P > .20; Table 
3, Са); this fact suggests that we are dealing with homogeneous popu- 
lations. (See Snedecor, 250, pp. 188-193.) Restating, the obtained 
chi-square values strongly suggest that there exist real differences between 
the prevalence of left-handedness in the disqualified group and that in 
the qualified group. 


ADJUSTMENT FOR DISPROPORTIONALITY 


The significantly higher prevalence of left-handedness found among 
disqualified registrants, when compared with the prevalence rate among 
qualified registrants, seemingly confirms former findings which have 
suggested certain association between left-handedness and some physical 
ог mental abnormalities, But apart from this fact by itself, these differ- 
ences are of importance in the computational sense; namely, in deriving 
the prevalence rate for the combined (qualified plus disqualified) sample 
components. 

For sample control purposes, distributions of qualified and disqualified 
registrants, by army area, were obtained from the results of the preinduc- 
tion examinations of registrants processed during the six-month period 
from January 1952 through June 1952. These relative distributions 
are presented in Table 4, under the heading “ population,” as follows: 
а. Qualified group, by army area; 6. disqualified group, by army areas 
c. qualified versus disqualified in each army area and all army areas 
combined. The corresponding distributions obtained from the sample are 
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shown in Table 4, under the heading “sample.” In comparing these 
relative distributions, it readily became evident that the forms in the 
sample were disproportionately distributed, especially in the relative 
ratios of qualified to disqualified. For instance, the ratio of “ Total 
С. S.: Qualified” to * Total U.S.: Disqualified > registrants obtained 
from the sample groups was about 1:1, while the corresponding ratio 
in the population was about 7:3 (Table 4, Column 3). Analogous 
differences were noted in the ratios of qualified to disqualified of the 
individual army areas. Variation in these ratios was expected because 
of the following fact: Standard Forms 89 of disqualified registrants 
are received immediately after the preinduction examinations, while those 
of qualified registrants are received after induction, which takes place 
at some time after the preinduction examinations. Evidently, this 
difference in procedure of forwarding the forms may bring about, at 
any particular point in time, ratios of “qualified” (inducted) to 
“disqualified ” that are different from their original (* population 7) 
ratios at the time of preinduction examinations, 

Because ої these disproportionalities and due to the fact that there 
were found significant differences between the prevalence of left-handed- 
ness in the two groups, the prevalence rates of the combined (qualified 
plus disqualified) components, whether for each individual army area 
Or all areas, could not be computed by directly combining the corre- 
Sponding data, as obtained from the sample, without adjusting for 
disproportionality. Certain disproportionalities were also found in the 
relative distribution by army area of the qualified group and likewise 
of the disqualified group. For instance, in the qualified group the First 
Army Area constituted about 20 percent of the sample-group, while in 
Ше « population " this area made up about 23 percent of the total 
qualified group; in the disqualified group, the First Army Area consti- 
tuted about 10 percent of this group in the sample, as against 17 percent 
in the population. (Table 4, Columns 1 and 2). Since no statistically 
Significant differences were found between the rates of the army areas 
within each of these groups, as stated above, the disproportionalities by 
army area are naturally of less importance in computing over-all rates 
for the groups. А 

Тће ‘allowing rates were adjusted for disproportionality : а. Over-all 
rate’ of the qualified group; b. over-all rate of the disqualified group; 
and с. combined rates (qualified plus disqualified) of each army area 
and all army areas. (These rates may be referred to as “weighted " 
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rates, and all other rates as “ unweighted.” The procedures applied m 
adjusting for disproportionality are explained in the * Technical Note, 
at the end of the article.) 


TABLE 4 


Relative distributions of qualified and disqualified registrants by army area, 
and ratios of qualified to disqualified registrants within cach 
army area and for total United States 


RELATIVE. DISTRIBUTION RATIOS FOR 1,000 EXAMINED, 
BY ARMY AREA WITHIN EACH ARMY AREA AND 
ARMY (PERCE\T) FOR TOTAL U.S. 
АЗБА, Qualified Disqualified Qualified vs. Disqualified 
(1) (2) (3) 

Population * 

І 22.68 17.24 730: 270 

п 18.18 18.71 607: 333 

III 10.00 21.43 490: 510 

IV 6.88 10.23 580: 420 

v 34.79 23.45 153: 247 

VI 7.47 8.94 ' 032: 308 
Total U.S, 100.00 100.00 073: 327 

кезен 

Sample = 

Ш 19.05 9.97 661: 339 

II 19.54 20.23 488: 512 

ПІ 13.84 24.31 300: 640 

Iv 8.77 20.15 301: 699 

v 29.01 12.40 102: 298 

VI 8.59 12.94 390: 604 
Total U. S. 100.00 100.00 497: 503 


1 Based оп preinduction examinations of registrants processed during the six- 
month period from January 1952 through June 1952, 
? Derived from Table 1. 


All (weighted and unweighted) rates are given in Table 2 together 
with their confidence intervals based on the 0.95 and 0.99 confidence 
coefficients. (See Mainland 259, рр. 53-56, ог any standard book 00 
statistics, for interpretation of confidence intervals, and the “ Technical 


Note,” at the end of the article, for the computation of the confidence 
intervals.) 
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OVER-ALL RATES 


The over-all prevalence rates and their confidence. intervals were 


found to be as follows (Table 2) : 


а. Qualified—Total U.S.: 7.0 percent of this group of registrants 
reported as being left-handed. The confidence intervals are 7.2 percent- 
8.5 percent for 0.95 confidence coefficient, and 6.9 percent-8.8 percent 
for 0.99 confidence coefficient. 

b. Disqualified— Total U.S.: 10.1 percent of this group of regis- 
trants reported as being left-handed. The corresponding confidence 
intervals are 9.3 percent-10.9 percent, and 9.0 percent-11.2 percent, for 
0.95 and 0.99 confidence coefficients, respectively. ” 

с. Qualified and Disqualified—Total U.S.: 8.6 percent of all 
registrants examined were found to be left-handed. The corresponding 
confidence intervals are 8.0 percent-9.1 percent, and 7.9 percent-9.3 
percent for 0.95 and 0.99 confidence coefficients, respectively. 


It should be noted that these rates relate to examined registrants 
within the 19 through 25 age-group. As known, certain groups of 
registrants are in the deferred classes because of marital status, depen- 
dency, occupational specialties, etc., and are not sent for examination. 
However, judging from the above-stated bases for deferment, there is 
no reason to believe that there is selection with respect to the prevalence 
of left-handedness among the registrants forwarded for examination. 
Consequently, the derived prevalence rates of 8.6 percent may presumably 
be taken as reflecting the prevalence of left-handedness among all 
registrants. Moreover, this rate may seemingly be taken as representing 
the prevalence of left-handedness among the total male population in the 
Continental United States, beginning with the age when handedness may 
generally be considered fixed. (Past studies on left-handedness report 
Prevalence rates ranging from 1 to 30 percent of the population; See 
Wile 734, р. 68; also Hildreth 749.) 


SUMMARY 


1. Information on the prevalence of left-handedness among Selective 
Service registrants was obtained from the “ Report of Medical History,” 
a form filled out by each registrant at the time he is examined for 
determining his fitness for military service. It is a self-administered 
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paper-and-pencil form designed primarily to secure information on the 
examinee's past and present health status. One of the questions on the 
form is: “ Are you (check one) Г) Right handed Г) Left handed.” 

2. About 12,000 forms were hand-tabulated in this investigation; 
the forms were about equally divided between the group of registrants 
found fit for military service (inductees) and the group of registrants 
found. unfit for such service. The forms were tabulated by army area 
within each of these groups. 

3. The following over-all prevalence of left-handedness was found: 

а. Qualified —7.9 percent left-handed ; 
b. Disqualified—10.1 percent left-handed ; 
c. Total (qualified plus disqualified)—8.6 percent left-handed. 

4. A chi-square analysis of these rates revealed that the difference 
between the higher prevalence rate of left-handedness among the dis- 
qualified registrants and that among the qualified registrants is statisti- 
cally significant. (The probability of obtaining a chi-square value as 
large or larger than the value obtained in this case was less than .01.) 
Since left-handedness per se is not disqualifying for military service, 
this seems to suggest that left-handedness might be associated with 
certain defects which are of a disqualifying nature. 

5. No statistically significant differences were found among the 
prevalence rates of the individual army areas in either of the groups? 
qualified or disqualified. 

6. The total prevalence rate of left-handedness (8.6 percent) found 
among examined registrants may be taken as representative of all 
registrants. This rate relates to an adult male U.S. population. . 

7. The information obtained on handedness reflects what the regis- 
trant considered himself to be: right-handed or left-handed. 

8. This investigation was limited in scope. There still remains the 
wider question: If it is true that the prevalence of left-handedness 18 
significantly higher among the disqualified registrants than among 


qualified registrants, then what are the particular defects or diagnoses 
with which left-handedness is associated ? 


TECHNICAL NOTE 

1. Weighted Rates and Weighted Variances. а. General. Ав pointed 
out in the text, samples of two separate groups were taken in investigating 
the prevalence of left-handedness among examined registrants: one 
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relating to the prevalence of left-handedness іп the qualified (inducted) 
group of registrants; the other relating to that in the disqualified group. 
Each of these sample-groups was stratified by army area (Table 1). In 
examining the number of forms obtained for each army area within 
each group, it was found that their relative distribution differed from 
the corresponding relative distribution by army area in the population. 
(See Table 4, Columns 1 and 2, for comparative distribution of these 
groups in the sample and in the population.) Consequently, in deriving 
the over-all prevalence rate of left-handedness for each group (Qualified 
—Total U. S.; Disqualified—Total U. 8.), the rates of left-handedness 
of the individual army areas (sample components) within each group 
were weighted according to their relative distribution in the population, 
in order to correct for the disproportionality in the relative distributions 
of the sample. Likewise, the variances of the individual army area rates 
were adjusted for disproportionality. 

The over-all group-rates and their standard errors were derived by 
means of the following formulas: 

(1) Swip;—used for computing the over-all group-rate, where 
иң (population proportion) signifies the relative proportion 
of the particular component in the population, and p; repre- 
sents the proportion of left-handedness in the particular 
component as found in the sample ; 


(3) op = y Z PËR represents the standard error of a pro- 
i 


portion of a disproportionate sample, where w; and p, have 
the same meaning as in formula (1) above; q; = 1 — р; and 
n; is the number in the particular sample-component. (See 
Ferber ^49, pp. 89-90 and 137-142, for a general discussion 
on disproportionate samples.) 

b. Qualified: Total U. S. For this group: ш represents the population 
proportion of the qualified group in any particular army area, as given 
in Table 4, Column 1 (Population) ; різ the proportion of left-handed 
as given in Table 2, Column 1 (Qualified) ; n; is the number obtained 
for the particular army area as given in Table 1, Cclumn 1. For example, 
in ease of the First Army Area: и: = 2268; pi = 0767; qi= 9938; 
and n; — 1,187. То obtain the over-all group-rate (Qualified: "Total 
U. S.), the wipi (weighted proportions of left-handedness) of each army 
area were computed, summed up, and expressed in terms of percent. 
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The standard error (ор) of the over-all rate was derived by summing 


шар 


idi + + У 

ра (weighted variances) of Ше army areas, and ex- 
ni ) uot 
tracting the square root of the obtained sum. The standard error (ор), 


expressed in percent, was then used in caleulating the confidence limits 
for the “ Qualified: Total U. S.?. (See 3, below.) 

c. Disqualified: Total U. S. The same procedures, as those described 
in b for the “ Qualified 7 group, were followed in computing the necessary 
statistics for this group. The individual w; for this group is given in 
Table 4, Column 2 (Population) : p; in Table 2, Column 1 ( Disqualified) ; 
and n—Table 1, Column 3. The corresponding data for the First Army 
Area, for example, were: w;—.1724; pi= 11148; qi = 8852; and 
т == 610. 

d. Combined: Examined (Qualified plus Disqualified). Since the 
ratios of “ qualified > to “ disqualified ” in the samples were also found 
to be different from their relative distributions in the population, the 
problem of disproportionality was encountered in computing the combined 
prevalence rates (qualified plus disqualified) for each army area and 
for all army areas, as well as in deriving the confidence limits for these 
rates. (Compare the relative ratios as given in Table 4, Column 3; 
for the sample and the population.) The above-stated formulas (Ф 
above) were, therefore, used in computing total prevalence rates апе 
the standard errors of the combined rates for each individual army area; 
as well as of all army areas. For these groups, ші is the respective ratio 
of the number qualified to the number disqualified as given in Table 45 
Column 3 (Population) : p; is the respective proportion of left-handedness 
(Table 2, Column 1); n; is the respective number (Table 1, Columns 1 
and 3). Using the First Army Area again as an illustration, Wi are: 
130 and .270; рг--0167 and .1148, q;—.9233 and 8852; and n, —1,187 
and 610, for qualified and disqualified components, respectively. 


the individual 


2. Unweighted rates. The standard errors of the rates of the indi- 


vidual army areas within the qualified group or disqualified group пиене 
computed by the standard formula for proportions: op = T 


3. Confidence Intervals. a. Unweighted rates. The confidence interval? 
for the unweighted rates were computed by the following formula adapte 
from Mainland (748) pp. 25-26, for p = 01: 


(4-8 У Aq + appropriate correction term)/”, 


DI 
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where A is number of A’s in the sample (in our case, the number 
left-handed) ; F is the number of standard errors required for the 
partieslar confidence coefficient, i.e., 1.96 and 2.58 for 0.95 and 0.99 
confidence coefficients, respectively ; 4 = 1 — р, where p in our case is the 
proportion of left-handed in the sample; the appropriate correction term 
is as given in Mainland (^48), Table III, p. 135; and n is the sample size. 
Expressed in our terminology, the above-stated formula is: 


pi = Fo, + correction term/n. 


For p > 0.1, the confidence intervals were computed by interpolation 
from Mainland (48), Table II, р. 131. 

b. Weighted Rates. For the weighted rates (total qualified; total 
disqualified; and the combined rates for qualified plus disqualified for 
each army area and all army areas), no correction term (a, above) was 
used in computing the confidence limits. (See Snedecor, 50, p. 193.) | 
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THE AGE FACTOR IN BODILY MEASUREMENTS OF 
ADULT MALE AND FEMALE MEXICANS ' 


BY GABRIEL WARD LASKER 


Department of Anatomy 
Wayne University College of Medicine 


: URING a study of adult Mexicans it was noted that there are 
D significant decreases with age in such overall dimensions as stature 
and sitting height, and increases with age in chest dimensions and 
various measurements of the head and face. Of course it has long been 
known that growth does not cease at some fixed age. As early as 1899, 
Pfitzner measured large series of adults and showed changes with age n 
stature, sitting height, the head dimensions, bizygomatic diameter and 
face height. Nevertheless, it has been customary in anthropological 
studies of race to treat data on all individuals over some arbitrary age 
(usually 18 years) as comparable (Martin 728). It would be desirable 
to take the age factor into account. 

The purpose of the present paper is to indicate to what extent 
comparisons of measurements on groups of unrelated adults are affecte 
by differences in the ages of the individuals. For this purpose one series 
has been selected to represent a single small community, Ратасћо; 
Michoacán, Mexico. With the hope of limiting the range of environ” 
ments involved, a random sample of individuals who had never migrate 
from Mexico is used. For comparison with these 268 sedentes тейт 
sured by the author in Paracho іп 1948, a series of 608 adults measure 
in various parts of Mexico by Goldstein (748) is utilized. 


1The support of field work in Mexico by the Wenner-Gren Foundation be 
Anthropological Research and the assistance of Prof. Pablo Velasque 7 aly 
Miss Bernice Kaplan is gratefully acknowledged. Dr. M. S. Goldstein km а 
made his original records available and has read the manuscript and обе 
valuable criticisms. 
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METHODS 


The techniques of measurement are described elsewhere (Lasker 252, 
and Goldstein 343). In comparing the data of Lasker with those ої 
Goldstein or others, it is well to bear in mind that there are probably 

` personal differences in the definition of landmarks and the techniques 
of measurement. Absolute measurements, therefore, are not compared 
directly. The personal equation, however, should not greatly influence 
the comparison of differences. In the descriptions of the findings which 
follow, categorical statements of a difference or use of the phrase 
“significantly different ” refer to mean differences of at least twice the 
standard error; while “ tendency ” refers to differences not reaching this 
level of significance. The age curves for various measurements are 
recorded in Figures 1 to 4. In the graphs, solid lines pertain to Lasker's 
data; broken lines to Goldstein’s; solid circles indicate males; open 
circles indicate females. In Lasker's material age is recorded to the 
last birthday; Goldstein (749, р. 35) recorded age to the nearest 
birthday. Not all individuals were measured in every dimension: 
head height, especially, was omitted in many of Goldstein's protocols, 
and—because of loss of teeth—facial heights were omitted in some 
individuals in the Paracho series. The range in number of observations 
for any age group is indicated in tables 1 and 2, but for most dimen- 
Sions the larger number of individuals were measured. In all series 
the 21-30 year old group is the most numerous and, unless otherwise 


Specified, age trends refer to the comparison of this group with older 
groups—espeeially with the 51-up age group. Because of the small 
number of individuals over 51 years old in Lasker's male series, any 
judgment based on failure of a measurement to show significant changes 


in this age group should be considered tentative. 


FINDINGS 


The individuals studied in Paracho were not weighed. 


General size. : | 
ight continues to increase with age except for 


For Goldstein’s series we 


the oldest males. к. 
For both Goldstein’s series and our own, the older individuals are 


slightly shorter. This difference is statistically significant except for 
the Paracho females series. When the 80 and 90 year-old males are 
excluded, however, the coefficient, of correlation between age and stature 
is not statistically significant. For Paracho males 18-78 years old, 


т == — 0.12. 
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19 25 35 45 55 65 
ст. 


STATURE 


SITTING HEIGHT 


CHEST BREADTH 


192125 35 45 55 
248 | 
245 
242 
239 
236 
233 
230 
2276 


• МАЦЕ eFEMALE — LASKER --- GOLDSTEIN 


GE 
Fic. 1. GRAPHS SHOWING MEAN MEASUREMENTS OF MEXICANS ОҒ DIFFERENT А 
GROUPS. 
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AGE . AGE 
45 


19: 25 35 45 55 
T 


65 


<---- 


------ 


MINIMUM FRONTAL 
DIAMETER 


e MALE о FEMALE — LASKER ~-7-~GOLDSTEIN 


Fic. 2. GRAPHS SHOWING MEAN MEASUREMENTS OF MEXICANS OF DIFFERENT AGE 


GROUPS. 
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AGE 
9 25 35 45 55 65 
Tae 
мој- BIZYGOMATIG DIAMETER _ 
138 ee ee 


AGE 

19 25 35 45 55 65 9 25 35 ма 55 65 p 
тм. T mm. | 
126|- TOTAL FACIAL HEIGHT , 74 
124 „7 72 
122 Р” ий.” ТО? s с : x 
га ва UPPER FACIAL HEIGHT 


46 
16 44 
14 42 
иг 401 


INTEROCULAR 
BREADTH 


MOUTH BREADTH 
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Fic. 3. GRAPHS SHOWING MEAN MEASUREMENTS ОР Mexicans or DIFFERENT AGE 
GROUPS. 
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Trunk dimensions. Data are available only for the Paracho series. 
Like stature, sitting height shows, and biacromial diameter tends to 
show, a decrease with age in the males. There is a less marked decrease 
in sitting height in females than in males. Chest width increases and 
biacromial diameter tends to increase with age in females. In males, 
chest depth inereases with age and chest breadth tends to do so. 


Dimensions of the extremities. On the extremities only the hand 
dimensions were measured by Goldstein. For these the age curves closely 
parallel those from Paracho data. For the Paracho series, the lengths of 


AGE AGE 
19 25 35 45 55 65 19 25 35 45 55 65 


EAR BREADTH 22777 


A 


У = LASKER 
=== GOLDSTEIN 


o Female 


Fic. 4. Grapus Зноупхо MEAN EAR LENGTH AND BREADTH OF MEXICANS OF 
DIFFERENT AGE GROUPS. 


the total arm, radius, tibia, and foot were also measured. All of the 
measurements of the limbs show a tendency to be smaller in males after 
the 31-40 year-old period. For the females, however, there is, if any- 
thing, a tendency to larger dimensions with increased age, especially 
after 31-40 years of age. 

Head dimensions. In head length there is little tendency to differ 
with age except for an inerease with age in the Paracho females. In 
head breadth and head height there is a significant increase with age 
in both female series and a tendency to increase is also seen in the males. 
Despite the fact that Goldstein’s data yield higher values than ours for 
head breadth and, especially, head height (he uses porion-bregna height, 
we use tragion-vertex height), his’ age curves for these dimensions are 
essentially parallel to those drawn from Paracho data. Minimum frontal 
diameter and interocular width show no appreciable trends. 


Face dimensions. The facial widths (bizygomatic diameter and bi- 
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gonial diameter) manifest an increase with age or a steady tendency in 
that direction in both sexes and for both sets of observations. Total 
morphological face height is greater in older females in Paracho and 
in older males in Goldstein’s series. А parallel increase is to be observed 
for lower facial height in Paracho females, and the same tendency is 
seen in upper facial height. Paracho males ої the oldest groups, how- 
ever, show a tendency to decrease in all three face height dimensions; 
a majority of the individuals in the oldest age group had lost teeth 
with consequent reabsorption of alveolar bone and facial shortening 
Nose height shows an increase with age in Goldstein's male series and 
a similar tendency in Paracho females. 

As for those measurements primarily dependent on soft parts, nose 
breadth increases steadily with age in all series; mouth width also 
increases with age, although not in the oldest group; ear dimensions, 
especially height, also manifest steady increases with age. These changes 
are not only statistically significant but are of considerable magnitude. 


Sex differences. In a number of measurements (stature, sitting 
height, biacromial diameter, chest width, total arm length, radius length, 
hand length and breadth, tibia length, foot length, total and upper facial 
height and nose height) the trend is for older females from Paracho to 
be larger, and older males to be smaller. At least the curves for the tW9 
sexes converge at the older ages. In general the dimensions involve 
are the ones most highly correlated with stature and which therefor 
best show general size factors (Lasker 46). No ready explanation sug- 
gests itself. Goldstein's data contain no trunk measurements ; his only 
extremity measurements, the hand dimensions, do, however, suggest 
convergence of males and females in the older age groups. 


DISCUSSION 


Adult males from Paracho, and to a lesser extent the other Mexica” 
series, show a close similarity in age changes in measurements to à series 
of nearly 10,000 Irish males described by Hooton and Dupertius (51) 
In both series stature and sitting height reach a maximum in the thirties 
and decline thereafter. Arm length in Paracho males and span іп the 
Irish also reach their maximum in this decade. Chest dimension? 
increase throughout life in men in Ireland as does chest depth in men 
in Paracho. In the head dimensions the parellelism is not quite so close. 
Facial breadths, notably the bizygomatie and bigonial diameters, an 


дэд 


AGE FACTOR IN ADULT MEASUREMENTS 59 


the nose breadih increase at least into the fifties in both studies, but in 
facial height and nose height the Irish show continued increases longer 
than the Paracho males series and resemble Goldstein’s Mexican series 
more closely. 

Hooton and Dupertius were apparently surprised at their finding ої 
а continuous increase in facial dimensions during the ages when most 
other measurements were decreasing, for they say of the upper facial 
height that, “ rather astonishingly, this measurement (nasion-prosthion) 
continues its increase through the 50-54 year age group," and ої bi- 
gonial diameter that, “it is very difficult to avoid the conclusion that 
bigonial increases up to old age...” Yet this is not a phenomenon 
peculiar to the Mexican and Irish studies. Pfitzner (1899) presented 
evidence that increase in dimensions of the face probably continues at 
least to the 51-60 year old group in Alsatians. Goldstein (736) com- 
pared Jewish males over 60 years of age with young adults and, in this 
group also, the facial breadths are larger in the old individuals but 
facial lengths other than nose height are smaller because of loss of teeth 
and attendant alveolar absorption. In a survery of 1,067 adult male 
Albanians, Coon (750) reported increases in total facial height through- 
out life, and in bizygomatie diameter until the late forties. Using the 
same series of American soldiers as Randall, Baer (personal communica- 
tion), in a study extending only up to age 33, finds significant increases 
in facial length and breadth throughout the period under consideration. 

The curves for age changes reported for Mexico are essentially 
similar to the findings in other groups. The chief factors responsible 
for the age changes apparently cut across geographic and racial 
boundaries. . 

Any of three types of factors may account for the age differences 
(Morant 49). 1. There may be an actual change with age. 2. There 
may be a shift in the population norms so that the later born (and 
hence younger) individuals differ from those born some years sooner. 
3. A selective death rate might eliminate a disproportionate number of 
indivi me particular type. БАҒ 
ae ca faction із an important one in the promet: series is 
Suggested by a number of parallels to the results of Büchi ( ай * 
his analysis the second and third factor were excluded, for he re-examine 
the same series of 196 Swiss adults after an interval of nine years. 
Actual changes recorded included a decrease in stature, but in sitting 
height the decrease was limited to the oldest ages. Length of the 
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inferior extremity and span decreased with age in Biichi’s study. 
However, the former was derived by subtracting sitting height from 
stature, and span is also a composite measurement into which func- 
tional factors enter. Therefore, these decreases are not evidence for à 
shortening of bones as would be decreases in such measurements as tibia 
or radius length. It is unfortunate that measurements were not pub- 
lished for at least one of the long bones. In another place, however, 
Büchi (49) does give data for hand length and breadth; these con- 
tinue to increase in size except in the oldest age group. 

In Paracho, males in the oldest group have significantly shorter 
tibiae than those in the 31-40 year old group. In such an absolute 
diminution with age in length of long bones, it is possible that some 
selective factor is at work. One such factor might be an overall increase 
in size of the later-born generation. Bowles (792), among others, ha$ 
controlled the age factor and traced a secular trend to increased body 
size in various parts of the world. Although the same influences might 
be expected to hold for both sexes in Mexico, it should be noted that the 
tendency of extremity measurements to decrease in size with age Was 
recorded for males only. 

An alternative factor, and one which might affect the male series 
but not the female series, is the selection of emigrants. Few females 
have left Paracho, but a majority of the adult males of the community 
have been in the United States for longer or shorter periods of time. 
As emigrants are in general somewhat larger than sedentes (who alone 
are considered in this study) and as some of the younger sedentes ате 
really pre-emigrants, the downward trend in size with age might be the 
effect of selective migration. This would account also for difference? 
between male and female curves. However, migrants who first left 
after the age of 27 are not appreciably different from sedentes. In fact; 
as we have shown in another place (Lasker 752), the more tenable СОП” 
clusion is that the chief cause of the larger size of those who emigrate 
when still young is some factor in the environment during this регіо" 
rather than a difference at the time of migration. There was little ta 
suggest the influence of selective migration. 

As for selective death rates, there is no evidence to support the 
hypothesis. For Biichi’s findings, where the changes are shown 
occur in individuals, such a factor would be іній: Мотапі (49) 
also finds the hypothesis unacceptable, although Hooton and Dupertu 
(51) give it some credence. 


AGE FACTOR IN ADULT MEASUREMENTS 5-6 


One way in which measurements may vary with age is through 
changes in the soft tissues. This is obviously probable for such measure- 
ments of cartilagionus parts as the dimensions of the ears and nose 
(especially breadth). Stature, too, may be influenced through changes 
in the intervertebral fibrocartilages. Trotter and Gleser (251) have 
shown that as between younger and older individuals with identical 
length of long bones, the older individuals are shorter in stature. 

Fat may also influence many measurements. It seems probable that 
all circumferences, the chest dimensions, and other irunk diameters are 
influeneed by state of fatness. This is indicated in Randall's (749) 
study based on a large number of individuals between the ages of 17 
and 26, although the measurements published include few of those 
standard to anthropology. Keys and his associates (750) have mea- 
Sured the decrease in numerous dimensions during partial starvation. 
It is possible that changes in the head and face also, to some extent, 
may be affected by the amount of overlying soft tissues ; Ivanovsky (728) 
has reported that head and face dimensions decrease during starvation. 

Increase in head dimensions has been reported by Вас for cireum- 
ference, length, breadth and minimum frontal diameter. His data agree 
Well with our observation that the older individuals have the larger head 
dimensions, especially breadth and height, except for the very oldest 
group where the trend is reversed. In bizygomatie diameter, mor- 
phologie face height and bigonial diameter also, Büchi demonstrates a 
Continued growth which is reversed only in the oldest age group; and 
in upper facial height the continued growth is even more striking. In 
general, Mexicans show this same tendency toward larger faces in the 
older groups. There is а strong suggestion that inereased size of the 
face may to some extent be caused by appositional growth of bone 
although there may possibly be some changes in overlying soft tissues 
also. Ав Hooton and Dupertuis (51) say in speaking of bigonial 
diameter: “ We have either to press the selective explanation very far 
indeed, or admit that growth changes (in the way of increment) con- 
tinue for a much longer time than most anthropologists have supposed 


to be the case." . 
SUMMARY 


age group for 268 adult Mexican 


1. Differences in measurements by ia 
pared with similar data for 


sedentes from Paracho, Michoacan, are com 
608 adult Mexicans measured by Goldstein. 
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2. On the average, stature and sitting height are smaller in indi- 
viduals in the older age groups than in the 21-30 year-old group. 
Measurements of the limbs show a tendency in the same direction, at 
least for males. 

3. Measurements of the chest and of the head show less consistent 
tendencies, but some of these dimensions are significantly larger in the 
older age groups. Facial measurements, especially breadths, are more 
consistently larger in older groups. ‘The soft parts of the nose, mouth 
and ears are significantly larger in the older than in the younger adults. 
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INTRODUCTION 


HEN we wish to characterise individuals physically (as with 

any other kinds of classification) we seek the fewest differentia 
Covering the widest number of attributes. Therefore, we can first refer 
to the overall size, next the general shape or proportions, and lastly we 
ran pick out special characteristics ог peculiarities. Whilst the classi- 
fying principles should cover as wide a sphere of influence as possible, 
at the same time they should be functional unities rather than mere 
aggregates of unrelated parts; the concept of type meets these require- 
ments. The first problem is to determine the type basis as given by 


the grouping of the measurements and the second problem is to deter- 
mine how the individuals are distributed in respect of this basis. The 
determination of the basis of physical types can either be made arbi- 
trarily and subjectively от it can be done objectively by partitioning 


the relations between different physical measurements, using factor 


66 W. Н. HAMMOND 


analysis of correlations or co-variances. The second stage of allocating 
individuals to their type and measuring their type strength is песеззату 
if practical use is to be made of the first, and again this can be done 
objectively. There is no need here to enter into the question of the 
validity of the methods of factor analysis or to be concerned with its 
theoretical aspects. We need merely recognise that factor analysis has 
its uses in classifying anthropometric data and, accepting this st 
the purpose of the present paper is to extend its application to measure- 
ments of children—where far fewer studies have been made than in the 
case of adults. This is of two-fold importance, first, because the ques- 
tion of how soon adult types (about which there is a large measure of 
agreement) can be recognised, is important, and second, because studying 
physical types in children where growth is still proceeding provides help- 
ful information in interpreting the genesis of adult types. The data 


andpoint, 


presented go rather further than most studies in including measurements 
of individual type strength and its constancy over a period. 
MATERIAL 
sof 


The present paper sets out the results of factorizing measurement 
various groups of children in Britain, together with a comparison of & 
similar analysis of measurements of American children of the T. =. 
Bureau of Agriculture Survey made for clothing purposes. (O'Brien 
et al., 41.) Тһе English children were from three social groups терге” 
sented by children from the best homes attending fee-paying (private 
schools (Group А); from free local authority schools in good neighbor" 
hoods (Group В); and from free schools in the poorest neighborhoods 
of a number of industrial towns (Group C). 

Altogether 1,430 private school children and 1,537 free school childr 
were measured and clinically examined.' The age range was from 5- 
years. After three years the series of measurements was repeated 00 
children still attending the schools. 

Twenty measurements were correlated in Groups A and С. and ША 
same plus 13 additional measurements in Group В. The correlation" 
were derived from the deviations about the mean measurements for 
each year. 

АП the correlations were positive and all but 5% were significar 


en 


the 


atly 


1 For details of deseription and analysis of the clinical assessment used 80 


Adcock, Hammond and Magee, “47, 
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different from zero. Practically all the low correlations were between 
subcutaneous tissue and the length measurements. When the correla- 
tions were transformed into z coefficients to test how far corresponding 
coefficients differed from one group to another, it was found that only 
2.5% of the coefficients (boys) and 3.1% (girls) differed significantly 
between social groups of the same age, and 3.5% (boys) and 4.6% 
(girls) of the coefficients differed significantly from one age group to 
another (3 в.е. of difference). These results showed that the relations 
between any one measurement and others were very constant and the 
z coefficients were, therefore, combined to produce one table of correla- 
tions for each sex. The average “ within year” correlations for each 
Sex? are given in table 1 (figures for boys being above the diagonal 
and for girls, below). 


DETERMINING THE TYPE BASIS 


Analysis of the correlations and comparison of factor results. 

Each table of correlations was factorized using Burt’s multiple gen- 
eral factor analysis with communalities for the first three factors in the 
leading diagonal (Burt, 240). The simple summation method was used, 
except for the combined groups, where the least squares method was 
used. The saturations for the first general factor and two type factors 
of each group are set out for comparison in table 2 and table 3 gives 
the comparison of Group B and the American children’s clothing survey 


results. A more precise indication of the agreement between the factor 
correlating the order of 


pattern from one group to another is given by 
the factor saturations. The rank order correlations average .83 for boys 
and .87 for girls in the case of the general factors, .94 and .97 for the 
main type factor, and v4 and .77 for the subsidiary type factor. Even 
when different batteries of measurements as well as different groups of 
children are involved, as in table 3, there is considerable agreement, as 
the measurements which are common to the batteries tend to maintain 
their relative positions. Thus the 11 measurements common to the two 
studies correlate to the extent 0.95 in respect of the general factor 
saturations and 0.90 for the first type factor saturations with an average 
difference of only .017 in the general factor saturation coefficients. The 


= The tables of correlation for different age and social groups are available if 


required, together with particulars of the measuring procedures. 
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PHYSICAL TYPE IN CHILDREN 


TABLE 3 


Comparison оғ REsULTS From Two STUDIES 


American Children’s Clothing Survey and English 7-11 year group 


71 


General factor 


Type factor 


Boys English American English American 

Weight 953 965 —107 = —.109 

Height 805 $26 431 266 

Sitting height тво 347 

Vert. trunk girth 899 067 

Tibial height 728 543 

Crotch length 830 012 

Leg length 157 785 333 546 

Arm 5 781 4 386 350 

Foot * 1739 381 

Hand “ 781 389 

Foot breadth 485 186 

Hand “ 139 986 

Wrist « 173 206 

Elbow « 800 107 

Ankle | Є т84 25188 

Knee « 878 —.085 

Interspinous breadth 653 —.023 

Intertrochanteric “ 899 902 —044 --095 

Interiliae « 1769 —.077 

Inter aeromial — 5 116 4155 

Chest breadth 691 -- 088 

Chest depth 671 --.050 

Neck base girth 139 —.002 

Chest « 1880 881 --.178 --.187 

Waist “ .800 .802 —.303 —.330 

Hip m 879 —.303 

Seat “ 909 948 — 215 — 212 

Upper arm“ 1796 819 -- 318 —.348 

Armseye “ 847 _ —.113 

Wrist “ 842 p 

Ankle « 1857 -- 

Knee “ 923 880 —187 --006 

Calf « 873 862 —208 --130 

Thigh “ 864 —.306 
537 —582 


Body fat 
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next factor is not equivalent since it is based largely on the division of 
breadths which are not present in the American study.? The comparison 
is between two batteries of correlations in which age has been eliminated, 
in one case by partial correlation (holding age constant), in the мета 
by correlating deviations about the yearly averages. Agreement viti 

the analysis of the American zero order correlations (in which age 2 
retained) is almost as good, the difference being that the general € 
contributes a greater proportion of the total variance as it аду" намд es 
the size differences between ages as well as within age groups. The type 
factor is little affected, 


NATURE OF THE FACTORS 


To some extent the initial choice of measurements determines ane 
types that will result, hence a fairly representative set of body хуаранд 
ments was used, especially in Group B where additional breadths 2 
included to counteract the slight preponderance of girths in the othe 


" у т 
groups. The results actually differ little from those of the smalle 
battery, 


The three main factors were аз follows: 


8 5 Т 4 z nc, 
The general factor for physical size: indicating a general tendency 
to be above or below average for 


5 ight 
age in all measurements. As one с 
5 кі : й о 
expect, weight was the best indicator of general size and subcutane 
tissue the least indicative, 


This factor accounted for some 56% of 
total variance, Weight was so highly correlated with the pool of pem 
the measurements that it could quite reliably be used as a substitute 
most purposes. 


TRANS 
Type factor: Pachysome-leptosome dichotomy. After «але Ме 
general size, the first type factor showed that the measurements atis 
grouped quite clearly апа regularly into length and circumfereD 


T ising 
parison suggests the interesting possibility of dev! for 


Я іп 
у dimensions—possibly obtained from pooled batterie) а- 
ге Accepted for use in studying finer а to 
which are themselves too specialise own 
T body measurements— as distinet from their are 
common factor. As an example, Table 3 shows that where measurements ог 
common to both groups the General factor saturations could be taken 9ш 2 the 
study and one could Probably also pool the remaining figures, so producing 

i battery of some 40 measurements, 
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measures with breadth measurements aligned with the lengths. Chil- 
dren excelling in the length measurements will, therefore, be the lepto- 
Somes and those excelling in girths and fat, pachysomes, to use Burt’s 
term (Burt, 47). The best indicators of the length group were stature 
and leg length for both girls and boys and the circumferential component 
was most clearly indicated by upper arm circumference, knee circum- 
ference and subeutaneous fat in both groups. "The factor variance was 
10% of the total variance. 

In the Ameriean study where somewhat different girth and length 
Measurements were used, the distinction into vertical measurements and 
girths is without exception, and weight is again grouped with the girths. 
Only one breadth measurement was included. 


Factor for trunk-limb development. The second type factor is not as 
clearly defined as the first. For girls it shows up in a tendency to develop 
the trunk (lengths, breadths or girths) or the limbs (leg and arm lengths 
and girths with stature and foot measurements). For boys the girth 
development is largely due to fleshy parts (waist, hip, upper arm and 
body fat) with small bone formation (extremities, wrist, ankle and 
Shoulder breadth) on one hand, or large breadth of trunk and limb bones 
on the other. The pachysome type can therefore be split into the pyknies 
Who are rotund but not broad and the eurysomes who are broad and 
stocky rather than plump. The growth in length results either in long, 
slender limbs and short trunk or long trunk and shorter and sturdier 
limbs, 

By analysing only length and breadth measurements or only breadth 
and girth measurements it appeared likely that a breadth factor was 
Present which was being overshadowed by the girth-length type factor 
and it was then showing itself in the secondary type factor distinguish- 
115 between pyknies and eurysomes in boys. In girls we see that the 
Secondary type factor corresponds to trunk or limb development with- 
out differentiating between breadths and girths and indeed a group 

actor analysis of 33 measurements for Group B girls which included 6 
lengths, 11 breadths and 10 girths failed to give any factor correspond- 
ing to breadth measurements. The bi-polar analysis of the larger battery 

ifferentiated between the lengths on one hand and trunk girths and 
breadths on the other, with limb breadths following the limb and other 
lengths, Shoulder breadth and knee breadth were the exceptions. 


Interpretation of the first type factor. 
When we examine the saturation coefficients more closely they sug- 
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gest the interesting possibility that the physical types may be related 
to the degree of maturation and sex differentiation. If we consider the 
female form in relation to the measurements we have girths (especially 
those which include fat) predominating over the length and skeletal 
measurements and with large hip measurements especially characteristic. 
Conversely the male form has large bone size—especially of the long 
bones—breadth of shoulders but not of hips, and low fat measurements 
and girths over fatty regions. Knee is one of the girths in which girls 
excel (even in absolute measurements). These results are consistent 
with the leptosome type being on the whole more masculine and the 
pyknie type more feminine We should then expect shoulder breadth 
to be in the opposite group from the trunk and pelvie development; 
whilst knee breadth as well as girth would go with the more * feminine 
component, and this is so. 

The fact that ankle, wrist and elbow breadths are grouped apart from 
the correspondingly named girths is due to the location of the Ша 
being at the condyles of bones whereas the girths are taken at Р 
“waist” position so avoiding these prominences but including fat ae 
also muscle near its point of attachment. They are fundamenta y 
different measurements and the analysis shows this. Another poss! di 
interpretation of the first type grouping is the distinction реве 
essentially bony and non-bony measurements, but this is open 10 4 
objection that trunk breadths and depths, as measured from the eel 
tion of bony points, are grouped with the corresponding girths W Hu 
include the other tissues as well. 


:eTANOX 
ASSESSMENT OF THE INDIVIDUAL'S TYPE STRENGTH AND ITS CONSTÀ 


OVER THREE YEARS 


Р : ed 

Besides knowing what physical types exist in the sample, W* сз 

to know which individuals fall into the different types and also — " 
they are extreme examples or not. The most satisfactory way to me? 


КЕНТІ! 
* Some justification for this is given by the fact that Berry and Cowi”? рап 
found (male) pubie development to be more advanced among the leptosome’ 10р” 
among the pyknics. In Table 3 they show that successive stages of pubic е igh? 
ment are accompanied by progressively more leptosome habitus (greatest 7 ве 
for given weight and reduced subeutancous fat). The author’s statement ‘note! 
discussion that “ pyknies tend to mature more rapidly than leptosomes 2 i : 
from an unsubstantiated observation in * Child Health and Development, 
Ed. Ellis Churchill, 1947, and it is at variance with their own results. 
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а child's type strength is by means of regression equations which weight 
the measurements according to their diagnostic value as type determiners. 

The general and first type factor values for each child have been 
calculated from regression equations involving all 20 measurements 
taken ; 5 these are the values on which the type classification is based. 
Shorter methods of typing have been studied and the results of the 
agreement with the long method are given below. The constancy of 
individual type values over two or three years expressed as the correla- 
tions between first and second measurements were of the order 0.80 
(0.65-0.92) for boys and girls; the correlations tending to be lower 
around puberty. This means that, for the leptosome-pyknie type divi- 
Sion, after the three years interval when the children were re-measured, 
some 11% of the boys then aged up to 13 years had changed their type, 


Whilst after age 14, 18% were found to have changed their type. For 


girls the percentages were 8% up to age 9 years, 22% for girls who had 


Teached 10-13 years and after 14 years the figure again fell to 12%. 
Most of the children who changed their type were in the intermediate 
Tange on both occasions but in some cases considerable change occurred 
when certain of the boys tended to inerease their heights and limb 
lengths without Є filling out” correspondingly, or a few failed to gain 
much in height but continued to gain in girth measurements. For the 
girls the marked changes nearly always consisted of a great increase in 
girth and fat measurements compared with the group. These results 
can most readily be interpreted as being due to a different time of onset 
of the pubertal spurts. The type changes were not associated with any 
change in the nutritional gradings, though it is conceivable that the 
clinician might have altered his assessments in some cases had he known 


the previous conditions of the children. 


Simplified type measurements. 
From a practical point of view 
аррПей scheme of typing based on a few measurements onl 
. One method is to retain only those measurements witl : 
“lents in the regression equations. When many measurements are dis- 
carded the remainder will have different coefficients and their diagnostic 


there is need for an accurate easily 
у. 
| high coeffi- 


5 Mean measurements for the types have been calculated separately for each 
Year of age, the sexes and the different school groups in order to study the relation 
between physical type and the assessments of nutritional status, the effect on 
Бтоу and also the effect on the prediction of body weight from certain measure- 


ments. It is hoped to publish these findings in another paper. 
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importance may be altered, but this can be calculated. age ин is 
case of the general factor for body size, weight alone has suc 1 "ре 
ponderant effect that a satisfactory approximation can be зані зар 
relying on weight alone (the general factor saturations for жабе t the 
from 0.91 to 0.97). On applying this method to the estimation 5 сэр 
type factor, the highest multiple correlation was obtained using а 
and arm length, arm and knee girths. (Rm = 0.947). The equa 
being as follows: : 134 
type = .226 height + .135 arm length — .227 arm girth —- 
knee girth | “ 
(where the measurements are expressed as deviations divided by 
standard deviations). е type 
Similarly the factor measurement for the leptosome-eurysom 
is given by the regression equation : : 
type = 311 height + 190 arm length — .126 interacromium 
—.073 intertrochanter, 
(a plus score indicating leptosome and a minus score eurysome type): 
For the pyknic-eurysome type the equation is as follows : 
type = .119 interspinous -F.141 intertrochanter + 137 
acromium — .203 arm girth — .228 fat over 
(where a positive result indicates eurysome and a negative one PY 
type). istine 
The multiple correlations are 0.92 for the leptosome-eurysome ‘ jve? 
tion and 0.75 for the pyknic-eurysome distinction. (Rm = 0.72 i$ 8 


by trochanter, acromium and arm girth alone). athe? 
Even with only 4 or 5 measurements, regression equations ате d age 


cumbersome since they require different weights for each вех ын Р 
and possibly also social group, to allow for their different mea" satio 
standard deviations. An alternative simplification is to use йе ате? 
of measurements indicating opposite type tendencies. With рің use 
there is always the difficulty that age has to be allowed for, and е 10 
fulness of a ratio is greatly increased if it does not vary from кро 07 
age. The most serious difficulty about ratios is that the дедови“ -, 


«ee won Ce 
and numerator must be made comparable by adjusting for differen? 
the size of the standard deviations.9 


inter- 
triceps 
Jonit 


rect 

ЕТІ 
a 

er measurements can justifiably be used ка he об 

remain at the same proportion throughov viatio” , 

are the coefficients of variation the same? The standard 46 


8 Two simple tests of wheth 
ratio are: (1) do the means 
range?; (2) 
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In a trial group of 6 year old boys where the standard deviations 
of height and weight were numerically equal, a ratio of weight/height 
(with a constant to allow for different means so centering the ratio at 
1.00) gave a correlation of 0.86 with the actual factor measurements. 
The determination of the constant required to maximize the correlation 
is probably worth while, though no simple relation of height and weight 
can be used at all ages in view of the different relations between the 
standard deviations at different ages. 

Another ratio of measurements of opposite type value (which, 
Moreover, changes little with age, being approximately 2:1 for boys 
and 2.1-2.2 for girls) is that of height/chest. The other very useful 
property is that the ratio of the standard deviations of the two measure- 


ments is also fairly constant at practically the same ratio. This means 
that type could be indicated by the straightforward jogo шет ОР 
2 X chest ems 


and it will tend to center near 100 and be free from any bias introduced 


by non-comparable units. However, absolute figures should only be 


Compared within the same age group- 


А ight Е 
The correlation between the 2 a ratio and type factor measure- 


s group and 0.73 in а girls 10-year group. 
(Corresponding multiple correlations of type with height and chest are 
0.73 and 0.75). The rank order correlation between original ratio value 
and that for three years later is 0.82 for the boys and 0.70 for the 
5115. (This is over the pubertal ages 10-13 where one would expect 
Most irregularity of growth). 


" Another ratio based on measuremen 
lon to each other and whose standard deviations are also roughly pro- 


Portional to the means, is that of height and hip girth. The correlation 
With type is 0.83 for girls with a reliability coefficient between first value 
and one three years later == 0.66. (The multiple correlation of type 


with height and hip girth is 0.79.) 


Ment was 0.66 in a 6-year boy 


ts having a fairly constant rela- 


erefore, if a child is above or below 
easurement this should result in the 
i herwise а bias is being introduced in favor 
hildren will tend to have different ratios 
s are distributed approximately 


ын equivalent unit of measurement and, th 
Verage by one standard deviation in either ™ 


of А 

ч Опе or other measurement and big с 

Ош small ones (this assumes that the variable а У 

normally). If comparisons are being made within a restricted age or size range 

(1) above is no longer neces y. According to these criteria the ratios for 
g 


Slender-stocky body form in children (Meredith and Culp, 51) and Pryor's (43) 
Width-weight tables are of variable usefulness. 
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The ratios would seem to answer the purpose of providing a simple 
type assessment fairly satisfactorily, but they should be used with 
discrimination especially when approaching the pubertal age. 


DISCUSSION 


As we have seen, the results of analyzing measurements of children 
show that physical types corresponding closely to the leptosome—pyknte 
differences in adults can already be differentiated at 5 years onwards. 
Moreover, they remain fairly constant throughout childhood. ‘This may 
indicate that there is a constitutional basis which determines the future 
development. On the other hand the fact that an individual has a сеге 
tain body build at, say, age 8 years may indicate that he is likely 10 
remain of the same type throughout childhood simply because his growth 
(which is predominantly an all-round function affecting all bodily struc 
tures rather than being specific to particular organs) will not be suf- 
ficiently varied to erase the pattern of his present measurements. Thus 
situation obtains at least until puberty and probably through it, ын 
cause even the apparently marked difference in shape which arises during 
puberty is not comparable with the overall increase in growth (which | 
is also at its maximum). 

Analysis of the individual's growth increments in different measure 
menty is needed to determine the extent to which general growth ant 
* directional ? or type growth predominate and in the author's unpub 
lished studies the general growth factor contributed 43% of the tota 
growth variance compared with type growth (i.e. length growth S 
pared with breadth or girth growth) of 8% for babies’ growth hor 


on 5 g ^i " 1 i E 

t eg > years. For schoolchildren the variance of growth weg 

o all measur : е i Р 
8 asurements was 40% of the total growth variance, and 


residual varianc і і ifi "d 
апапсе would include all growth which was specifie to вер’ 


rate structures (including error variance), growth of related parts, ^ с 
hand length and breadth, as well as the type growth. 1 
А ре“ 


When the adult stage is reached the situation is quite different т 


cause growth ceases but weight may continue to increase up to oF al t 
middle age, followed by a loss in weight as reserves are used up with 
replacement. Here the weight change is mainly responsible for ер g 
in fat and girth measurements without affecting їнийн) hence gm 
ences in the amount of change affect, body build "The. nearest com 
parable influence in childhood is the effect of — € con i 


which, besides depressing or acc і зрее! 
› р ng or accelerating growth, also cause вр 
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change in body fat—and consequent change of the girths—either through 
increasing it as a storage product when intake exceeds the energy needs 
of growth and activity, or decreasing it as the balance is reversed. 
. The leptosome-pyknie type values are affected by sex, age, nutri- 
tional conditions and social class among others, and the simplest way to 
allow for these conditions is to regard the measurements as being rela- 
tive to the sex, age and social class within the nutritionally normal or 
subnormal levels. 

Only when one can be assured that the varieties of physique can be 
Measured satisfactorily can one begin to assess their effects on growth, 
Susceptibility to disease, and in the wider psychosomatic field. 


SUMMARY 


| The present paper has shown that after allowing for general size 
differences, types similar to the leptosomes, pyknies and eurysomes in 
adults can be distinguished in children from ages 5-18 years. The 
Major type division proved very constant from one group to another. 
The distinction is made between pyknics and eurysomes rather than 
Mesosomes and eurysomes because neither of these types is intermediate 
but instead one excels in breadth of trunk (having a flattened cross- 
Section) and the other in all-round girth (having a more cylindrical 
cross-section). 
: Secondary types corresponding to those with large trunk and small 
limbs and the converse also exist, but this distinction accounts for very 
little of the total variance. It is suggested that type differentiation is 
related to degree of maturation and sex differentiation in boys, pyknies 
laving relatively infantile characteristics and later publie development 


han leptosomes. 
b Regression equations and rati 
Сеп tested against type factor me 
and these would seem to provide effectiv 


‘hi 2 % nu 
Children were remeasured after an interv 
This was due not so much to continuing 


iype lines but because growth is 
fore fails to upset the type pattern 
fundamentally different from 


os of diagnostie measurements have 
asurements based on all 20 variables 
e short cut methods of typing. 

al of three years and the 


d 


Constancy of type was high. 
to develop along characteristically 
Mainly gencral or isometric and there 
Once formed. These considerations are 
the ones affecting type constancy in adults. 
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INCREASE IN CRANIAL THICKNESS 
DURING GROWTH * 


BY A. F. ROCHE 
Anatomy Department, Western Reserve University 


INTRODUCTION AND MATERIAL 


OR many years, anthropologists have studied cranial thickness in 
in E raciakgroups but no attention has been. paid to the increase 

anial thickness as individuals grow. In fact, I can find only two 
reports in the literature of studies on skeletal material of known age 
and neither of these is comparable to the present study. 

И In 1882, Anderson reported measurements of cranial thickness in 
154 Irish cadavers. The age at death was known in the majority of 
these but only 4 of the group are in the age range which is covered 
by the present material. Furthermore, Anderson made his measurements 
at points which are not precisely defined so that no useful comparison 
сап be made between his findings and those presented here. 
ще regarding cranial thickness in 


" There are satisfactory data ал 
е white American male between the ages of 20 and 84 years. "These 
ng a study of 484 skulls of known 


Were published by Todd (224) followi 
age and should be regarded as an extension of the findings which are 


recorded in this paper. 


The measurements presented here were made on the radiographs of 


children examined between the ages of three months and 17 years. 
During the first year, these examinations were at three-month intervals. 

etween 1-5 years examinations were made at intervals of 6 months. 
Annual examinations were made thereafter until the age of 21. These 
radiographs were all taken under standardized conditions using the 
Bolton-Broadbent cephalometer (Broadbent, 231) and the measurements 


* Aided by a grant from Nutrition Foundation, Inc. 
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made on them have all been corrected for the known amount of enlarge- 
ment that occurs. 

Measurements have been made on a total of 32 white American chil- 
dren of whom 14 were boys and 18 were girls and all of whom attended 
every examination referred to above. It was considered desirable 10 
extend the study beyond 17 years, but since none of these children had 
been serially examined beyond this age, measurements were made on the 
isolated radiographs of subjects who were of the same sex and race as the 
previous group. In this way, the study was extended to 21 years. In 
the graphs, those studied up to the age of 17 years are referred to 88 
* Group I? while those studied between the ages of 18 and 21 years are 
referred to as “ Group IL" The health records of all the children were 
available and no child who had had a serious illness was included. 


METHOD 


Tests were made with dried skulls to be certain that the landmarks 
used could be accurately located on the radiographs. It was further 
determined that measurements made on the dried skull were equal 10 
corrected ones made on its matching radiograph. All the radiographic 
measurements were made with sharp pointed dividers at right angles 8 
a tangent to the image of the ectocranial margin. After comparison with 
a scale, measurements were recorded in tenths of a millimeter. 

Lateral views were available throughout the whole of the period 
studied but after the child was about 4 years old the cranial outline di 
not completely fit on the film and so its thickness could not be measure 
at the vertex, Fortunately the frontal views were usually taken from 
three years onwards so there is no lack of continuity in the mensure 
ments of thickness at vertex, In some cases, this measurement coul 


be.made on both lateral and frontal radiographs and it was noted that 
there was no difference in the findings. 


DISCUSSION OF FINDINGS 
Nasion: After a varia 


ble age the + i as the 
plane in which this measur 3 шэг 


: Е ement was made. Following this change th? 
1. of the Sinus was measured in the same plane ~. subtracted #7021 
5 e total ен Та this way, two values were obtained which Вале 

een recorded as “total thickness” and < bone thickness only." Th? 
age at which the frontal sinus first extended to this level is recorded ” 
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table 1. It will be noted that there is no significant sex difference in 


the ау j 5 ? зб чо Р 
ae average age but that there is a wide individual variation in both 
сез. 


TABLE 1 


The age in years at which the frontal sinus extends superior 
to the plane of measurement at nasion 


MALES FEMALES 
Average 6.6 7.0 
Standard deviation 2.5 2.0 
Oldest 12.0 11.0 
Youngest 3.5 3.5 


і table 2 and figure 1 the observations regarding total thickness at 
oth in both males and females are presented. While the graphs for 
ахыг, 5 жиш generally run parallel it vill be seen that the male 
at thea. are generally 8-11 per cent іп excess of the female measurements 
One 2 age. In both groups, the rate of increase is less rapid after 
slow] one-half years but the male group does continue to increase 

Y throughout the 17-year study period whereas the female group 


Teaches + 
ches its 17-year old thickness at 15 years. 


TABLE 2 


Total thickness at nasion recorded in millimeters 


56 %4 Т 


2 з 3 34% 


78 81 84 88 9.3 


MALES ве аб 4T 53 54 61 64 67 Tl 16 ман 
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In figure 1 the findings in both males and females have also been 
presented as percentages of the total thickness at 17 years. The female 
group is in advance of the male group at all ages and after the age of 4 
years the female group attains any specified percentage of this thickness 
two to three years in advance of the male group. 

It will be seen that between three and 14 years this thickness gradu- 
ally declines in the males and then remains constant in the group of 
children serially examined. Essentially, the same pattern is seen in 
the female group and it should be noted that in both groups the 

bone thickness only,” during adolescence and early childhood, is ap- 
proximately the same as it is during the first year of life. Table 3 and 
figure 1 show the findings regarding “one thickness only > at nasion. 
After a comparison of the graphs showing < total thickness ” and “ bone 
thickness only ” it will be realized that the width of the sinus increases 
after the age of 12 years but that the rate of increase during this period 
1s not sufficiently rapid to reduce the amount of bone already present. 
Tn figure 1 the average measurements of “ bone thickness only" are 
also presented as percentages of the average “ bone thickness only " at 
17 years. In this graph it becomes very clear that in both sexes there 
is a rapid relative increase between birth and three years, after which 

ere is a rapid decrease until 12 years when the 17-year old thickness is 


TABLE 3 


Bone thickness only at nasion recorded in millimeters 


AGE IN YEARS 


MALES CEN 40 4.7 53 54 6.1 64 67 71 68 63 60 59 5.6 5Л 


40. 04 0.6 0.2 0.5 
FEMALES tr 3.0 42 40 49 


Е 50 43 4. 
MALES rw 52 48 48 48 43 43 42 42 42 41 40 5.0 3 0 


S.D. 14 13 12 18 


05 05 05 0.55 06 0.5 0.6 0.6 


Fratarpe {Mean 49 47 46 43 42 
5. 15 08 06 04 06 05 
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usually established in both sexes. It should be noted that both in males 
and females the thickness at 17 years is equal to the thickness during 
the first 6 months of life. 


Midway Between Nasion and Bregma: Measurements were made at 
the point where a perpendicular through the midpoint of a line joining 
nasion to bregma crossed the external outline of the skull. The findings 
are recorded in table 4 and figure 1, where it will be seen that these find- 
ings are very similar in the two sexes. Increase in thickness is very 
slow after the age of 5 years but is still occurring up to the end of the 
period during which the measurements were made on children examined 
serially. The group added, in order to prolong the study to 21 years, 
shows a greater skull thickness at this point than the original group. 


TABLE 4 
Skull thickness in millimeters midway between nasion and bregma 


AGE IN YEARS 
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-year old thickness than is the male aver? 

Bregma: Unfortunate 

plete. After the males re 
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an findings are presented in table 5 and figure 2 and in these it 

Wen 5. that there is по sex difference over the period during which 

“өрөг” ales and females could be examined. The increase in thickness 

їв i Peg until the age of 4 years and then its rate gradually de- 

petet he female group, which alone could be followed for a longer 
TABLE 5 


Skull thickness at bregma recorded in millimeters 


AGE IN YEARS 


ean 
ш 01 04 10 17 23 28 31 33 35 — = = 
0 01 01 02 05 06 07 04 05 05 — — — — 


Mean 
S.D, = 02 05 от 15 21 86 28 30 31 32 33 34 36 31 40 
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Vertex: 
Hess 57) In table 6 and figure 2 the findings regarding cranial thick- 
lateral vertex are presented. These have been obtained partly from the 
and partly from the frontal radiographs. It will be seen that in 


TABLE 6 


Thickness of the skull at verter recorded in millimeters 


AGE IN YEARS 
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Ввкама, VERTEX AND LAMBDA, 


both sexes there is a ra 
much more gradual in 
measurements were та 
thickness than the yo 


pid increase until the age of 4-5 years and aan 
Crease until 17 years. Тһе older group on who 
ade between 18 and 21 years shows a greater sku 
unger group at this point also. 
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ine the findings at vertex have been graphed in a relative 

@ 4 years + can be seen that there is no sex difference until the age 

и а | ter ‘which the male group average reaches a higher per- 

fe 5 пе 17-year old average thickness at any age than does the 
male group. 


Lambda: The findings at lambda in both males and females are 


тес 1 ~ . + . + 
orded in table 7 and figure 2. On an inspection of these, it will be 


not У е 
ed that the cranial thickness at this point increases throughout the 


TABLE 7 
Skull thickness at lambda recorded in millimeters 


AGE IN YEARS 


MALES т 12 35 39 43 45 48 49 51 53 


зөөн CEN 11 15 18 92 2.0 3.0 


13 14 15 16 17 18 19 20 21 


6.6 6.6 6.6 73 7.6 7.0 7.0 
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SO. os ок 07 ор 09 10 10 08 Ll ng 14014010 10 
by 
EMALES icem ва ва БЕ қа ал #8 80 ne 80 ІШ np 58 48 5 
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5. mes but that the rate of increase becomes progressively less 
80-85% vangen, By the age of 7 years the cranium has attained about 
There 5 of its adult thickness at Jambda in both males and females. 

is no difference between the findings in the two sexes when they 


are +, 
тес В 5 
orded in a relative fashion. 


Eur à : | 
yon: This measurement of cranial thickness was made at the 


Most 
lateral point of the cranial outline in the frontal view and conse- 


Ven = 1 
Жэн information is only available for that period during which frontal 
ded in tables 8 and 9 


Vie 

ам. ри regularly taken. The findings are гесог | 

erence c 3, where it will be seen that there is very litte lateral dif- 

age Bids Will be noted, however, that at all examinations the aver- 
ess of this point in the female group is slightly greater than 
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TABLE 8 


Thickness of skull at right euryon recorded in millimeters 


AGE IN YEARS 


8 з 4 4 5 6 т во 10 
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TABLE 9 


Thickness of skull at left euryon recorded in millimeters 


Mean 


MALES fs D. 


Mean 


FEMALES ів D. 


Mean 


MALES S.D. 


Mean 


AGE IN YEARS 
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that T A TP 
ES the corresponding point in the male group of the same age. At 
the + her point where the cranium was measured did the average for 
em: й : 2 
male group regularly exceed that for the male group. 


THICKNESS AT EURYON 
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Fi 
u 9. б 
Скари Snowing Аввоготв AND RELATIVE SKULL Тніскхияв AT RIGHT AND 


Lerr БОВХА. 


of 2 those graphs which show the average thickness as a percentage 

grou © average 17-year old thickness, it will be seen that the female 

on ки is more advanced than the male group after the age of 6 years 
е right and after the age of 4 years on the left. 


SUMMARY 
iographs of white 


1. Cranial thickness has been measured on rad 
the Bolton-Broad- 


Merj же s 
eut Ticans taken under standardized conditions using 
Cephalometer. 


kis Serial radiographs of 32 children between the ages of three months 


the 2 Years were examined and the study was prolonged to 21 years by 
aclusion of radiographs of different individuals. 

Te The average cranial thickness of the males exceeds that of the 
es at all points where measurements were made except at euryon. 
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There is no significant difference in cranial thickness at euryon on the 
right and left sides. 

4. At all points where measurements were made the rate ої increase 
in thickness was reduced after about age 5 years but there was still a 
slight increase until 17 years. The only exceptions were in the у“ 
group where по increase was recorded at nasion after 15 years and а 
euryon after 12 years. | 

5. Females reach a greater percentage of the 17-year average thick- 
ness at any age than the males. Only at vertex after age 4 years do the 
males exceed the females in this regard. | 

6. After about age 6 years the frontal sinus resorbs the cranium 
in the plane of measurement at nasion and so a separate measurement 
of “ bone thickness only > has been recorded at this point. “ Bone thick- 
ness only” gradually declines between 3 to 14 years and then р 
fairly constant at a figure approximately equal to the thickness at 
months. 


I wish to acknowledge my indebtedness to Dr. Normand L. Bo 
and to Dr. B. Holly Broadbent who, besides making these records av 
able, helped me in innumerable other ways. 
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GROWTH AND DEVELOPMENT OF THE 
CHIMPANZEE; A LONGITUDINAL AND 
COMPARATIVE STUDY * 

BY JAMES A. GAVAN 


ratories of Primate Biology, Inc., 
Orange Park, Florida 


Yerkes Labo 


INTRODUCTION 


Hos growth and development have been investigated by anthro- 
рей за a for some time, but, by comparison, little is known 
twas io fi details of these processes In any of the anthropoid apes. 
he York ill this gap that some 12 years ago Dr. Henry W. Nissen of 
the ini Laboratories of Primate Biology inaugurated a program for 
years e. udinal study of chimpanzee (Nissen, 42). During its first 7 
Fels ine em was assisted by generous grants from the Samuel 8. 
Erowth а s One aspect of this project was the collection of the physical 
issen for : dealt with here. I wish to express my indebtedness to Dr. 
interest, е opportunity to analyze these data and for his continued 
The advice, and assistance during the progress of the work. 
и investigation centers around two main problems: first, 
Ment ы апі differences in growth (increase m size) and develop- 
Minatio ange in form) between chimpanzee and man; second, the deter- 
ener, of a methodology which will present these resemblances and 
Not on] 2: in a simple and useful form. Both questions have importance 
underst, ^s the general study of animal growth but also for the fuller 
е pri nding of the relative position of man and chimpanzee within 
Р mates. 

Sen s studies have contributed to the ove 
imate growth, but in general they have su 


hu т-а] picture ої non- 
ffered from a number 


* 
Revisi | 
Vision of a thesis submitted for the degree of Doctor of Philosophy in 


Anth 
Торо] В 
Pology, University of Chicago, 1953. 
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of difficulties. Most of the data have been cross-sectional and were 
obtained from animals of unknown age. Even where the same animal 
was measured repeatedly, its age has usually been determined by morpho- 
logical comparisons with animals also of unknown age. This circular 
process, although admittedly unsatisfactory, was unavoidable. Of even 
more importance, usually little or nothing was known about the con- 
ditions under which the animal lived prior to examination. The present 
longitudinal study of laboratory-born and reared chimpanzees avoids all 
such handicaps. : 

A number of papers have come from these Laboratories dealing with 
various aspects of chimpanzee growth. Whenever pertinent, their data 
` have been incorporated in the present paper. Bingham (729) dealt 
with linear measurements, but since his subjects were all of estimated 
birth date, these data were not used. Jacobsen, et al. (32) described 
the weight growth of one animal for the first year. Spence and Yerkes 
(37) and Grether and Yerkes (40) have reported on normal weight 
growth. There were 5 papers (Nissen and Yerkes 243, Nissen and 
Riesen 245, "ада, °49b and Clark 745) which dealt with various aspects 
of the general problem of chimpanzee growth, but as no new data ат? 
available, their problems are not reconsidered, 

Other chimpanzee growth studies are those of Noback (281) sa 
Budd, et al. (48), who give longitudinal data for a comparatively sho” 
age range. In 1940, Schultz published his monograph on “ Growth 
and Development of the Chimpanzee ” in which he presented not only 
the results of his own extensive research, but also brought together the 
published data which were then available. The present paper, based 00 
more adequate data, is, in a sense, an extension of this earlier study. 


DATA 


All original data are longitudinal in nature and were obtained froP 
animals born and reared at the Yerkes Laboratories of Primate Biology 
The basie data are from 16 animals, 9 males and 7 females, who 279 
referred to as the Normative Group. These animals were separate 
from their mothers immediately after birth and raised in the Labor? 
tories’ nursery where they could be continuously observed and studiet. 
Although these animals were born successively over a period ої 372 
years, the conditions under which they lived were uniform in 2008 
essentials. Environmentally this is a very homogeneous group. 

According to the original plan of the study, the Normative GrouP 
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Was measured monthly for the first year, quarterly for the next two 
Years, and then yearly. In general this schedule has been kept, but 
from time to time circumstances forced some variation. Sometimes it 
was impossible to measure a given animal at all, and occasionally only 
Certain measurements were possible. All changes in this schedule can- 
not be given in detail, but the brief summary in table 1 gives the ani- 
mals’ names and identification numbers (odd male, even female) and 


TABLE 1 


Chimpanzees of the Normative Group and the data available for cach animal 


ME AGE (MOS.) AT FIRST || NUMBER OF SETS 
NUMBER NAME AND LAST MEASUREMENT OF MEASUREMENTS 
05 Ken Birth-144 30 
57 Art Birth-144 25 
эр АН Birth-132 30 
91 Bard Birth-144 3l 
00 Scari Birth-120 27 
07 Jed Birth-132 22 
т Jent 2-120 15 
73 Spratt Birth- 12 6 
79 Web Birth-108 16 
90 Jenny Birth-144 31 
04 Jojo Birth-144 30 
98 Banka Birth-132 97 
100 Flora Birth-132 25 
102 Fanny Birth-120 19 
104 Falla Birth-120 16 
106 Karla Birth- 96 16 


е етапе during which measurements were taken. The final column 
anim, the number of sets of measurements, not all complete. For os 
all ~ Jent, the study began at two months instead of at birth as 3 
8 à others. Spratt died at one year, but as his death was sudden, ~ 

9 eae normal and was, therefore, included. There are 366 sets 

asurements covering the age range from birth to 12 years. | ИР 

е oll Complete set of measurements used in the present б шэн is 
Пее h wing : weight, trunk height, hip breadth, thigh length, g ша? 

ead өзені; foot length, upper arm length, forearm length, = A = 

аа ЗЕ head breadth, upper face height, and biorbital breadth. 

Measurements are for the left side only. 
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The measuring technique was essentially that described by | = 
(29). Those measurements which differ from his description ате: 


Upper arm length: instead of acromion, the point иш Чен be 
most superior point on the head of the humerus when the чию xs 
extended across the chest. The values so obtained are slightly less мезі 
Schultz’ and closer to those taken directly on the bone. The differen 
is not great. 

Forearm length: this is ulna rather than radius length. The ыг 
urement was taken from the most distal point on the ulnar stylo! 
process to the most proximal point on the olecranon process. 


: ‘pital 
Biocular breadth: distance between the two points on the orbi 
margins opposite the ectocanthi. 
ween 


Upper face height: naison was taken as the mid-line point bet эг 


4 + inferior ро 
the entocanthi; the measurement was taken to the most inferior Р 
on the upper medial incisors. 


All data were recorded and are presented here in the metric eH 
the weights in tenths of a kilogram and the linear measurements 
tenths of a centimeter. any 
The collection of weight data has been a cooperative task of E ж 
members of the Laboratories since their foundation. As the same ce 
of weighing has been used consistently and as the beam scales have ж 
checked periodically, there is по question of comparability of earlier & ү. 
later data. Most of the linear measurements were taken by т 
Nissen and A. H. Riesen, the remainder by the author. The ae 
instruments were used throughout, and the individuals concerned Пет, 
repeatedly checked themselves so that their technique would be consis 
and comparable. ЯНГ: 
After infancy, when the animals were large enough to resist, "m 
linear measurements were taken with the animal under һа}. 
anesthesia, thus eliminating errors caused by the animal’s struggles 8 
muscle tension. че 
Supplementary data from animals not in the Normative Group d 
been used in the determination of the duration of the subdivisions h. 
the total growth period and for the curves of normal weight grow 
Tn each case the inclusion of such data is indicated. 
For human comparisons, the data published by Simmons (44 
the Brush Foundation children (Cleveland, Ohio) were used. 
Series was selected because the data are longitudinal, extending 


у ба 
трів 
from 


GROWTH OF THE CHIMPANZEE 97 


three months to 17 years, and the children came from homes where 
above average nutrition and medical care were available. In these re- 
spects the human and chimpanzee subjects are probably reasonably 
comparable. 

In the Brush study, forearm length is length of radius; there is no 
Measure of biorbital breadth, upper face height, or foot length; also, 
there is no direct measurement of either trunk height or thigh length. 
Trunk height curves were obtained by subtracting the mean for sym- 
Physial height from the mean for suprasternale height. Thigh length 
Was obtained by subtracting the knee height mean from the symphysial 
height meam; м 5 


SUBDIVISIONS OF THE TOTAL GROWTH PERIOD 


The age span of growth may be divided into periods on the basis 
of certain events which occur in the life of each individual. The most 
Convenient ones to use are birth, completion of the deciduous dentition, 
Puberty, and completion of linear growth. Postnatally these events 

elimit infancy, childhood, and adolescence. . 

The duration of each of these periods in months is given 1n table 2a 
While in table 2b the duration is expressed as а percentage of the total 
growth period, conception to completion of growth. In the construction 
of these tables all the available data in these Laboratories have been used 


od ~ 
etermine the chimpanzee values. 


TABLE 2A 


Duration (in months) of the subdivisions of the total growth period 


SUBDIVISIONS OF ТНЕ TOTAL GROWTH PERIOD 


Чары TOTAL 
PRENATAL INFANCY CHILDHOOD ADOLESCENCE 

Chimpanzee n 

5 7.6 12.24 (102.4) 20.4 T 

Female T6 11.33 93.7 19.0 131.6 

Uman “ 

ыы 8.88 97.05 (161.2) 39.2° ees 

Female 8.89 28.48 136.4 4 39.2° 212. 

, Nissen and Riesen 45 ь Тараск 751 © Robinow, et al. 42 

nd • Flory 726 
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TABLE 2B 


Duration of the subdivisions expressed as a percentage of the total growth period 


SUBDIVISIONS OF THE TOTAL GROWTH PERIOD 


GROUP TOTAL 
PRENATAL INFANCY CHILDHOOD ADOLESCENCE 

Chimpanzee 

Male 53 8.6 (718) 143 100.0 

Female 58 8.6 712 144 100.0 
Human 

Male 37 11.6 (68.1) 16.6 100.0 

Female 41 13.4 64.1 18.4 100.0 


The length of the chimpanzee gestation period has been previously 
discussed by Yerkes and Elder (737), Nissen and Yerkes (43); and 
to some extent by Gavan (752a). A much larger sample is now avail- 
able; the length of the gestation period in days is given in the following 
tabulation : | 


MALE FEMALE TOTAL 
Number of cases 44 41 85 
Range (days) 196-248 203-260 196-260 
Average duration (days) 224.9 229.6 227.2 
Standard deviation 11.8 114 11.8 


Simce the difference between the male and female averages is not sig- 
nificant, the sexes were combined. This gives an average gestation 
period (conception to birth) of about 3215 weeks, or about 5 weeks 1685 
than the average human gestation period (Taback, 751). Length ° 
human gestation is usually counted from the last menstruation цев 
of from the day of conception; to obtain conception age, 14 days we 
subtracted from Taback’s average. This yiclds a ТИЛИНИ, gestation pel?” 
of 263.7 days. | | е 

" The age for the completion of the deciduous dentition is taken. fum 
аш and Riesen (45) and is based on the 16 animals of the Nor™ 
tive Group. A tooth was considered to have erupted when it projec й 
1mm through the gum. According to these authors, the chimpanzee $ 
deciduous dentition is complete, on the average, at 366 days for mal | 
and 339 days for females; comparable бетті, for human ‘children are 
828 and 852 days for boys and girls respectively (Robinow, ct al. 212). 


св 
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aot pont in time but includes a temporally extended 

булан ви + uei te the time of the first menstruation in 

о o G ЩЕ icate the onset of puberty. All animals used in 

tories, but Е average age of puberty were not born in these Labora- 

pedem е not born here came at an estimated age of less than 
. Ages at menarche are as follows: 


FEMALES OF LABORATORY 
= ESTIMATED AGE BORN FEMALES TOTAL 
Number of cases 7 14 21 
Range (months) 96-129 84-192 84-129 
Average age (months) 105.1 104.9 105.0 
Standard deviation 12.5 12.9 12.5 


The di 
differ У NT ЖИС 
ifference between the averages is not statistically significant so 


t : 
: 2227 were combined. This chimpanzee average of 8.8 years 
However ü ess than that given by Ellis (50) for 470 English nurses. 
with the. he human range, 9.5 to 18.5 years, shows considerable overlap 

Р пе chimpanzee range. 
was не ої the present study, с 
shoulder чи that time when the epiphyses of the 1 
Union wi 3, ow, hip, and knee have completed at leas 
time the a Vir diaphyses. (A set of roentgenograms was taken each 
ing this чш Was measured.) There are У animals whose age at reach- 
males he 220 is known, 4 males and three females. The average for 
аде Was 1 358 months, range from 132 to 144 months ; the female aver- 
pneter months, range from 120 to 132 months. These results 
11 to 19 Ро Же value of 11 years given by Schultz (40) and that of 
of growth. ars given by Grether and Y огКов (740) for age at completion 
he 2 female chimpanzee completes her growth about a year ahead of 
Sere Flory (236) has shown that the skeletal development of gine 
y ne Progressively more advanced over that of boys as age increases; 
age of mung that this is true in the chimpanzee as well, the average 
female ps chimpanzees at puberty was placed 0.8 years after the 
in Table ^ this is a calculated value, the age at puberty m males given 
The б has been placed in parenthesis. 

Sources as = for human children have been taken знав 
Puberty 5 indicated in the table. The assumption that boys d 
and ace Wo years after girls is based on the rclation between puberty 
Sc of maximum growth which, аз Shuttleworth (739) has shown, 


the end of the growth period 
ong bones in the 


t one-half of the 


from a number of 
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occurs two years earlier in girls than in boys. This value has also been 
placed in parenthesis. 

Taking Table 2a as a whole, it can be seen that there are both sex 
and species differences in the absolute length of the parts of the growth 
period. The chimpanzee completes each part in an absolutely shorter 
time than do human children. The chimpanzee female completes each 
part sooner than does the male with the exception of the pre-natal period. 
The same is apparently not true for human children where girls require 
more time to complete infancy than boys. { 

When the length of each subdivision is expressed as a percentage © 
the total growth period (table 2b), the differences between the male 
and female chimpanzees practically disappear. The timing of ши. 
within the total growth period is relatively the same for both sexes. The 
same may be true for the human data, although girls apparently re- 
quire relatively more time to complete gestation, infancy, and pad 
cence than do boys. Perhaps some of these differences are due to the 
diverse origin of the data. : b 

The species difference does not conform exaetly with that given І 
Schultz (^40). Не states that in chimpanzee the postnatal grom 
period is 15.7 times longer than the prenatal, while in man it 18. 2 
times longer. The data of table 2a gives values of about 17.0 for сан 
panzee and 24.5 for man. Schultz used the length of chimpanzee on) 
tion period as 238 days; an average given by Yerkes and Elder (3 
for 17 births. He also measures the length of the growth period 
the eruption of the third molars; a procedure which lengthens the po 4 
natal period. (A paper on the age of eruption of the permanent dentitio 
in chimpanzee is now in preparation by П. W. Nissen and A. H. р | 
Even considering the slight differences in the criteria of adulthood, 
seems unlikely that the species differences in the relative duration ін 
these subdivisions is significant. Humans have an absolutely ue n 
total growth period, but the relative timing of events during growth 
roughly the same in both species. 


ost- 


GROWTH: WEIGHT 


Birth weight has been the subject of a previous publieation, дане» 
52а). There it was shown that the average birth weight for 42 7 
was 1.80 kg, with no significant sex difference. Using the same зу 
birth weight expressed as a percent of mother's weight at time of m 
ception averages 4.25% with a range from 2.29 to 5.80%. Schultz (4 
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Pi qui 4.00% for chimpanzee and 5.50% for man. Although the present 
iat confirm his findings for the average chimpanzee, it is of interest 
the chimpanzee range overlaps the human average. 

ae to Schultz (40), the average, adult female chimpanzee 
а ghs 40 kg and the male 45 kg; Grether and Yerkes (40) give the 

Ше value for females but 50kg for males. However, adulthood is 
т : pes but rather a period of time, and at least in primates it is the 
‘ae я: ээр of the life span. In these Laboratories there are females 
Panzee т years are still capable of having children ; therefore, chim- 
his ша lasts at least two-thirds of their total life span. During 
can ит: ively long period, weight changes can be expected. For Ameri- 
оз hite women maximum weight is not reached until about age 52 
ub and Shelton, ^41, fig. 9). In chimpanzee ав well, weight 
ing a E № increase after adulthood is reached and declines after attain- 
More ee value. It was felt that this maximum value would be 
tiie аль of adult weight than an average determined at some 
бане time level. То obtain an estimate of maximum weight, it was 
Adult; 4} that by 150 months (12.5 years) any chimpanzee would be an 
a ча E maximum weight achieved by each animal after this age was 
experime 2 adult weight. No animal was used who had gh ы 
Used хоо which could affect subsequent weight nor was perc 
left 9 "ir. pregnaney or periods of child raising. Dey = «ээ 
Whose ens ел апа 25 females, most ої whom were wild хэрэ 20 
and 385 m examined toa maximum age даа aa шэг 
are 53.4 k mths for females. The averages of the maxi ын қы 
40.8.64 М B and 49.2 kg for males and females respectively ; the с“ үз Б 
eaviest and 87.7-84.4, show almost no sex difference. | ee = 
emale ылық be considered abnormally obese and ae gee Час 
adult ве is reduced only to 63.6 and б awiraga Ше M Me 
Vidual у СШегепсе is an average difference only with cons! 

ariation, 

Sible i average weights cannot be considered ee 

Tage adult weight. Some of the animals had just теасле 


Mo; 3 
hd While others were not much older. That there is а real sis 
by th 8 Increased weight during adulthood, at least in males, is shown 


this па elation between observed maximum weight and age at hen 
епсе ight is achieved, r—.85, significant at the 1% level 0 ha 
LEM he female correlation, r = -33, 18 not significant ES = 5 
а el, but female weights are complicated by the after-e n л 
Ucies. Of 85 births resulting in viable offspring, 32 were to 


as the maximum Ppos- 
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mothers between 152 and 208 months of age while 28 were to — 
214 to 337 months of age. lf it had been possible to use Ташев х + 
had never been pregnant, Ше maximum weight would undoubtedly Өс 
been attained prior to the average age of 212.4 months actually fou 
The males attained their maximum weight at 166.4 months. — Бай 
For weight growth between birth and 144 months, only animals ги 
in these Laboratories were used. Animals who had participated in pues 
might have been a deleterious experiment were eliminated. No нэ 
weight was used until at least 6 months after separation from the пу 
unless such separation occurred at birth. No female weights we 
periods of pregnancy or child raising were used; there were 25 in E 
born to females between 100 and 144 months of age. In all, there in 
37 males and 29 females used in the construction of the weight vation 
Of these, 5 males and 10 females were used in the previous calcula 
of adult weight. The 
The weight range by chronological age is plotted in figure a Ке 
gradual increase in variability and the sex overlap in the rang ш] 
shown. At 12 months the males range from 4 to 8kg and the si 
from 6 to 8kg; at 36 months these ranges һауе becomes 10 to и 
12 to 16 kg, and by 108 months they are 27 to 44 and 28 to 47 үн 9 
great overlap in the range emphasizes that the trends shown in fig 
are those of the central tendency only. nths- 
The range shows a consistent increase until at least 120 сқан ne 
By 144 months, the female distribution seoms to be leveling off, bu 
male distribution is apparently still increasing. 1 huma? 
For sex and species comparisons, the average chimpanzee ie n 
weights have been plotted against chronological age in figure atr 
chimpanzee curves have been extended by eye to the атман don У 
mined adult maximum weight; the human data have also been ирэг е 
to a plateau by a smooth curve. These extensions are indicated by шад 
lines. Until 30 months, there is no sex difference in the e em 
curves, Subsequently until 120 months the females are, on ще males 
age, the heavier. Then the males go ahead to 46.5 kg while the fe 
attain 41.8 kg by 12 years of age. ‘ven bY 
This picture is somewhat different from that previously gi roars 
Grether and Yerkes (240) who found no sex difference until 1 Tat 
when the males become the heavier and remain so. Some of ult 
ferences may be due to the fact that they used both wild and ee 
born animals whereas the present study is restricted to the РЭГ 
It may be that early environmental conditions, even though 9 
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duration, have a permanent effect upon subsequent growth. This ap- 
ee to be the more likely reason, but it is possible that some unavoid- 
B 6 errors were made in estimating age, errors which could alter the 
entire growth curve. 
т The species comparison, figure 2, shows two points of interest. 
Toughout the human growth curve there is a well marked sex differ- 
е Н : phon 
nce, except at the two points where the curves cross. Boys are initially 
a : : : à : 
23 finally heavier than girls, but during the pubertal period girls 
Чгравв them. This double crossing of the curves does not occur in 
chimpanzee, 
ad Secondly, although the human child is heavier at birth and during 
сина, the chimpanzee is heavier for a part of the intervening period. 
f Ме chimpanzees are heavier than boys of the same chronological age 
ош about 414 to 14 years; female chimpanzees are heavier than girls 
om 31% unti] 12 years, 

3 The rate of weight growth has been studied by means of average 
in Increments, figure 3. The absolute amount of average gain per 
е 1 1 17 1 У 

ar is plotted against chronological age; the dotted lines give the incre- 
an nts as computed from the extended curves in figure 2. In general 
ч 4 curves are of the form found in primate growth. There is a rapid 
fin, E after birth, a gradual increase culminating about puberty, and a 

al decli à нарік ЭЭС 

шы to zero as maximum adult weight is attained. | 
ast nil about 7 years females, chimpanzee and human, are growing 
и er than males of the same species; during this same time chim- 

zee 0 reais “ҮД: ? В а 
ети are growing faster than human children. Пё Т іч 
Sider ee аһоші three years when male chimanzees are growing со 

yeti faster than the other three groups who follow pretty much 
a Course. At approximately 10 years, just before for the female 

i Just after for the male, the chimpanzee curves begin to decline: The 
vents rey reaches zero before the female because of the latter’s оши 

а i У гі ү. | 1 time: 
Yours of Weight growth as discussed prev іопзіу. At this same rt 
Brow; the human curves are still rising until human children are y 
то 5 
ng absolutely faster than chimpanzees. -— 

4 curves show an age of maximum growth. In the ^ 


S, these peak: berty, indicated by the lines at 
peaks are reached before puberty, "ot alius ee 


ion there may be 
In figure 4, the 
ximum weight 


Curve 


the : 
ЫР of the graph, but the chimpanzee peaks come ) 


bet rises the question of what, if any, causal relat 
annual i the age of maximum growth and puberty. 

tai, ements are plotted against the percent of ma " 

ned at the beginning of the year. In all 4 curves, the maximum 
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increment occurs at approximately 70% of mature size. This point is 
reached before puberty by human children but after puberty by chim- 
panzees. Although the problem is not solved, this relation indicates an 
alternative explanation for the occurrence of the age of maximum growth. 
It may simply mark the approach of adult size which in primates is 


achieved shortly after puberty. 


GROWTH: TRUNK HEIGHT 


In human studies, stature is usually used as the linear measure of 
body size, but the low correlation between the segments of stature found 
by O’Brien and Shelton (41) and the comments by Howells (251) 
would indicate that the value of stature for such purposes is limited. 
s, stature is almost meaningless; the measure of 
ht, long used by Schultz as a base 
Schultz rarely gives the absolute 


In non-human primate 
linear body size is really trunk heig! 
for computing indices. Unfortunately, 
values for trunk height so that growth in this important linear dimen- 
sion is virtually unknown. 

Average trunk height curves for chimpanzees (fig. 5) have initially a 
high rate of growth which gradually decelerates to a plateau by 12 years. 
During the first year, the average male chimpanzee increases 62% and 
the female 67.1% over their average birth measurement. Thereafter, 
the yearly percent increase gradually declines. (The female increase 
between 11 and 12 years is due perhaps to the fact that only two ani- 
mals were measured at the later age. This is true for some subsequent 


curves as well.) 

The Brush curves do not begin until 18 months when the human 
child is only slightly longer than chimpanzees his own age. Taylor 
(іп Krogman, 741, р. 77) gives, for white new-born children, ап ауег- 
age trunk height of 22.4 em with a range for boys of 19.0-26.0 and 
for girls 18.9-25.8. These minimum values exceed the chimpanzee 


maximum birth values and stress the small absolute size of the new- 


born chimpanzee. | 

By two years of age all 4 groups; male and female, chimpanzee and 
human ; have essentially the same trunk height. At this time the male 
chimpanzee has increased his birth length 87.3%, and the female 94%. 
At birth the chim- 


oys have increased only 28.6%, and girls 27.776. и 
Panzee trunk height is only 67% of human trunk height, but growth 


is so much faster in chimpanzees that this difference disappears by two 


Years of age. 
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The chimpanzee continues this more rapid growth so that for the 
next 10 years (from two until 12) the male is longer than boys of the 
same age. During this same period the female chimpanzee is longer 
than the male and remains longer than human girls until at least 13 
years of age. 
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Fig. 5. AVERAGE TRUNK HEIGHT BY CHRONOLOGICAL AGE. 


This size superiority of the chimpanzee actually has two causes. 
The male chimpanzee reaches his final size by 
boys do not reach theirs until at least 18 (at 17, the final age in the 
Brush study, boys are still increasing). A similar situation exists for 
females so that the growth period for chimpanzee trunk height is about 
60% of the human growth period. Secondly, during the postnatal 
period, the male chimpanzee increases his trunk Бей 30 cm and the 
female 32 cm. The same increase for human қағын із 29.8 ст and 
27.0 ст. Chimpanzees grow ап absolutely greater amount in trunk 
height in a shorter period of time than do human children. 

It is apparent, therefore, that there are at least two variables in 
these growth curves; the size reached at adulthood and the length of 


12 years of age whereas 


"= 
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time required to reach that size. To determine what other differences 
there might be between the curves, figure 6 was constructed. There, 
age is expressed as a percent of the total growth period (see table 2a), 
and trunk height is expressed as a percent of adult size. The curves 
now show remarkable similarity indicating that most of the differences 
in figure 5 are due to these two variables, final size and duration of 
growth time. 
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Fra. 0. PERCENT OF ADULT TRUNK HEIGHT PLOTTED AGAINST PERCENT OF 
THE Тотал, GROWTH PERIOD. 
There are still some differences which may be significant. Prenatally 
the human curves show a larger increase than the chimpanzee 8. ^ 
birth (496 of the total growth period) the human child has about 44% 
Of his final trunk height; whereas, the chimpanzee at birth (5% of the 
total growth period) has only 32% of his final trunk height. Even 
after allowing for the difference in length of the gestation period, humans 
attain relatively more of their adult trunk height prenatally than do 
chimpanzees. But this relative superiority is not maintained ; for a 
Period of time, greater for the male than for the female, the chim- 
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panzee is relatively longer than the human child. After ус, 
about 709601 their total growth period human children show a spurt, 
which does not occur in chimpanzee curves, and reach their maximum 
size relatively earlier than the chimpanzee. | 

The sex comparison shows another species difference. In the chim- 
panzee curve the male is always relatively larger than the female, 
but the human girl is usually relatively larger than the boy (there 
are two exceptions, at 14% and at 80% of the total growth period). 
Whether these differences would be accentuated or reduced by more 
adequate data is impossible to say. The final size for human boys has 
had to be estimated by extrapolation of the Brush curves, and possible 
errors in the relative age scale have already been discussed. Even vith 
these reservations, it is apparent that most of the species differences in 
figure 5 can be eliminated by equating the age and size scales as Ш 
figure 6. Human beings have a longer growth period and reach a larger 
final size, but the growth curves connecting these end points with 
conception are virtually the same in both species. 


DEVELOPMENT: TRUNK HEIGHT—DODY WEIGHT 


Change in form during growth, i.e. development, is usually studied 
by means of an index or ratio in which one me 
proportion of another. 
that the numerator of th 


asure is expressed as а 
An increase in the index with age indicates 
€ fraction is inereasing faster than the denomi- 
nator. Gross form changes may be expressed by any one of the many 
variations of the ponderal index in which weight is expressed in terms 
of some measure of linear size, In the present study the ponderal index 
has been caleulated from the average values by dividing weight times 100 
by trunk height. (These weights are for the Normative Group only.) 
As shown in table 3, weight increases faster than trunk height; whereas 
the indices are less than 45 at the beginning they are almost 100 for 
chimpanzees and well over 100 for human children by the end of the 
growth period. ` 

Although all 4 groups show 
At 18 months human children 
human index o 


an Increase, the curves are not parallel. 
are relatively heavier than chimpanzees, 
ver 40 and chimpanzee index u 


nder 35. At 48 months 

they are almost the same with only 2 index units separating the mini- 
mum from the maxi эмгэн : ; Е dre 
1 mum. Therefore, during the first 4 years chim. 
panzees increase their relative weight faster than human children. 
For the next 5 year. is : 1 4: 
i 5 years, there із not much difference between the groups? 


+ 
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TABLE 3 


The ponderal index (100 х weight/trunk height) for the Normative Group 
and for human children (Brush) 


AGE CHIMPANZEE HUMAN 
Male Female Male Female 

B 12.0 12.1 — == 
6 24.1 22.9 — = 
12 30.4 28.9 -- — 
18 34.5 33.6 447 412 
24 38.4 38.0 45.8 43.7 
30 40.2 40.3 41.5 45.0 
36 44.7 44.2 49.4 48.2 
48 52.2 52.0 54.0 52.2 
60 55.6 574 572 56.0 
72 60.2 64.4 60.8 61.0 
84 65.6 67.4 64.9 66.2 
96 72.2 71.6 70.4 71.9 
108 78.6 76.1 752 78.0 
120 86.6 76.6 81.5 84.3 
132 88.7 813 88.0 91.6 
144 94.9 92.6 95.2 99.8 
156 шэг, шимэн 102.1 105.7 
168 үес — 1104 1119 
180 EN = 117.2 116.2 
192 ES e 124.1 119.0 
204 ems -— 128.2 123.0 


хи 


the greatest difference during this period is at 72 months where the 
range is from 60.2 for the male to 64.4 for the female chimpanzee. 
Subsequent to 9 years, female chimpanzees fall behind and become rela- 
tively the lightest ; human girls become relatively the heaviest for a 
time and are finally surpassed by the boys. Beginning at 4 years there 
Ва time of general similarity followed by large differences, but with 
cach group changing its position in a rather bewildering fashion. 
ü Previously (Gavan 2595), it was pointed out that there is an alterna- 
po way of looking at the height-weight relation, a way which in some 
Spects is simpler and more instructive than the ponderal index. The 
Method is (a) to use the cube root of weight instead of weight itself and 
Es to make the comparison by means of a regression line. This method 
Comparison, cube root of average weight plotted against average trunk 
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height is shown in figure 7, along with the regression equations and 
statistical measures of variability. (Statistical methods and symbols are 
those of Fisher, 46.) All regression equations and all indices have been 
calculated from the average values and not from the individual data. 

Regression as a means of comparison has certain advantages over 
an index. In both methods, the data must be available in pairs, but 
in the index method these pairs are used one at a time. Chance fluctua- 
tions in the original data are augmented. In regression, all pairs are 
considered simultancously, and the resulting equation shows the main 
trend of the data independent of minor variations. When dealing with 
small samples, as in the present study, this ability to identify the main 
trend is of major importance. 

Regression also makes possible the interpolation of missing values. 
The chimpanzee and human children were not always measured either 
at the same age or at the same linear size. At such ages and sizes nO 
comparison is possible with an index unless the investigator uses some 
subjective smoothing process. By considering the data as a whole, re- 
gression overcomes this difficulty. For the study of individuals rather 
than averages this possibility of interpolation is of considerable advan- 
tage as the subjects need not be studied at either the same or at regular 
intervals. 

, However, the use of regression also presents some difficulties; the 
principle one is the choice of which type of regression to use. A cursory 
examination of the literature would reveal any number of types ranging 
from simple, linear regression (Shepard, et al., 749) to simple exponen- 
bw regression (Huxley, 732) and on to the complex equations used by 
Count (43). It would appear that the simpler forms have greater 
Б as ВЕ constants are easier to calculate and easier to interpret 

hese ar 1 Чэ : и 
ау Ч б юэ only if it can be shown that the simpler equation 
Ач зоре patiga УЛ (Ж dus hoan ший 

С an be judged by the coefficient of determination, 
equal to the squared coefficient of correlation. The coefficient of deter- 
mination expresses the relative amount of variability in the dependent 
variable which is associated with the variability of the independent 
variable. Figure 7 shows that less than 1% of the original variability 
a th cae tof weight во лесін with the variability в ta 

м кк р ineari yi these data is, therefore, justified. 
іонні ac cie sid пе regression equation indicates the rate 01 

pendent variable as compared to that of the independent 


ze 3 


the q; 
difference is the square root of the sum of these two sq 
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variab : А 

iene ne ү subject to sampling errors the significance of a 
nM. Ar Е wO b’s must be determined by the t-test (Fisher, 746, 
ШҮ Ж» ~ oe equations were first calculated separately for 
Шеге ee male and female, chimpanzee and human. For 
^ spe У eight compared to trunk height, the values of b were 
had меба : : S human boys and girls; male and female chimpanzees 
Fes an ни . сің апа .066. These sex differences are not significant 
Заа ai "и pu dren but are significant for the chimpanzee. (A dif- 
summary of ша ба of confidence was considered significant. A 
in table 6.) vels of confidence for all significant differences is given 


CHIMPANZEE С 
MALE 4 Y#2.25+.070(X- 29.0) 
FEMALE. Y=2.25+.066(X-2 9.84) 
HUMAN H А 


МАЈЕ + 
FEMALE x ү-5.04+.073(-36.78) 


ы 
о 


ё зу 


CUBE ROOT OF AVERAGE WEIGHT СК 92 


2.0 
CHIMPANZEE 
MALE 9955 оов 
FEMALE .66 .03 9977 .006 
НОМАМ 57 .04 .9948 .007 


50 54 
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AVERAGE TRUNK HEIGHT (cm) 


ERAGE WEIGHT ON AVERAGE TRUNK 


Fig. 
7. Recression or Сове Roor ОЁ АУ 
CHIMPANZEES AND HUMAN (BRUSH) 


Нелонт ror тик NORMATIVE GROUP OF 
CHILDREN. 


e in b merely indicates that the 


ermine if there are two separate, 
e significance of 


б lack of a significant differenc 
pasan єрхөр lines are parallel; to det 
the size кети ог if they superimpose 00 
но oe must also be determine 
теп, ез ата error of the mean of the dependent ү 
variable is constant (S; in the figures). 


one another, th 
d. This is done by calculating 
ariable when the inde- 
The standard error of 
uared standard 
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errors. The values for Y are calculated from the appropriate манто 
line using X equal to male Х. The difference is divided by the standar 
error of the difference and the quotient is equal to ¢. Its level of sig- 
nificance indicates whether or not there is a sex difference in size in 
the dependent variable which is independent of the differences in the 
independent variable. 

In those cases where the difference between the b’s is significant, the 
two regression lines are not parallel, and they must intersect. At the 
intersection there is no size difference, but as growth progresses from 
this point, a size difference will necessarily develop. 

Regression thus makes possible the analysis of rate and size as two 
separate entities. It is possible to determine whether size differences in 
two dimensions are really independent of one another or are merely two 
measures of the same difference. 

In the human data there is no significant difference in either rate 
or size. Therefore, in figure 7, one equation is given for the human 
sexes. As the difference in rate for the chimpanzee sexes is significant, 
two regression equations are necessary. " 

This type of analysis indicates that within each group the volumetric 
and linear measures of gross size maintain a constant relation and that 
in their development the groups hold a constant position with respect 
to one another. Regression shows a regularity during growth which 
is not apparent when the same data are analyzed by means of an index. 

Because regression gives a simpler and more easily interpreted pic- 
ture of development, the indices recommended by Schultz (’29) will 
not be used. In the linear regression equations, the denominator of his 
index will be used as the independent variable. 


GROWTH AND DEVELOPMENT : HIP REGION 


The bitrochanteric, hip breadth is the only available measure of 
chimpanzee growth in the pelvic region. 
chronological age is given in figure 8. Th 
to the previous one in that the initiall 
decelerates. Unlike trunk hei 


Its average size according to 

5 "apio Я 
e chimpanzee curve is wen 
y rapid increase in size gradually 


ght, hip breadth at 12 years is apparently 
still rising and perhaps indicates that growth in the pelvis continues 
longer than in other parts of the body. For the first two years males 
are slightly larger than females, but from 4 to 10 years the situation 18 


reversed. The larger female size at 12 years may merely reflect an 
inadequate sample at this age. 


115 


GROWTH OF THE CHIMPANZEE 


%02 


261 


ов! 


891 


БЕП 


"HOV туотоотокояно хя нгаучча «ІҢ зоүязлАу "все 


(вош) 39V 
124 ге ог1 801 96 v8 [24 o9 8% 


зпунмза 
злун 

н купон 

ЕЕ ЕЕ! 


злу 
аз2нуаніно 


өс 


„З. — 


o 
с 


У 


Qui) нідузня 41Н зоунам 


SS aa пін 


JAMES А. GAVAN 


116 


"UMOISEHD NONI зохаалу NO HLGVEUG MH WOVWAAN зо NOWSSOSY 76 “SLL 


(шо) 1H913H жнона зеунзлм 
vs os Ov ог ог vl 


LAM 21:86 09 сев 31ун34 
or 0486 es" 516 ЕЖА 
NVWNH 
ззгмуамно 
розг 
(688с-Х)с27%6ГГЕ2-А X ЗПУЙЗЗ 
(26'6£-X)v9'*e2'€2-A + зпум 
H NVWnH 
то злуйза 
ОЖ ““оғы- 
(£t'62-X)tS *OZ'vI-A ө злуй 
9 S3ZNVdWIHS Бос 


(шо) нідузчя «ІН зеунзлу 


277 "а 


GROWTH OF THE CHIMPANZEE 117 


у 
ao тай өзе ШЕ incepti зле initial rate slows down, 
beginning about у сдава шэн е 4 ® баша peus of acceleration 
when growth agai Es 2 з Эн цай Хой until about the 14th year 

again slows down. 
| In figure 9, hip breadth is plotted against trunk he 
regression equations and measures of variability are included. A com- 
ta = E b’s shows that all differences are significant except that 
hip нх E dos ee № hen compared to trunk height, 
йг цэн 1 ірін плаща faster in girls than in boys, and faster 
Tigers 1с nimpanzees, but within the chimpanzee species there 
о significant rate or size difference. 
б a values of г? indicate that mos t 
ociated with those in trunk height although to a lesser extent in 
t The distribution of the data with respect 
+ ater lines shows that the fit for humans is less satisfactory 
chimpanzees. In the latter species the points are scattered 
quu the line, but in humans there are consistent trends away from it. 
Па минь te bh ba rg шш i ж 
алалды к | hen return а ad ae Завет 
data for each sex depart from their own line 

Same size level and apparently to about the same degree. Therefore, in 
В species there ате growth factors which are common to both trunk 
-— and hip breadth, but in humans there are additional factors, 
mon to both sexes and not found in the chim which influence 


only ! : : 
У one of the dimensions. 


ight; the linear 


{ of the changes in hip breadth 


hu i i 
Mans than in chimpanzees. 


panzee, 


GROWTH: EXTREMITIES 


Growth of the segments of the chimpanzee's upper extremity is shown 
Sraphically in figure 10. Та all three segments there is an initially high 
Tate of growth which gradually diminishes until growth ceases at about 
ll years, From birth until almost two years, slightly earlier for hand 
length, male and female chimpanzees remain the same size, but from 
hen until 10 years the female is larger. When growth is completed in 
Mie the male is larger, indie 
in th er but that they continue for a longe 
to ets ра arm the difference ш growth time 5 
mene e up for the slower rate, for even at 12 У 

er than the female. 

Comparative human data (fig. 10) show that, as in trunk height, the 


ating that the male inerements are 
заст period of time. However, 
is evidently not sufficient 
ears the male is still 
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AVERAGE FOREARM LENGTH (cm) 


AVERAGE HAND LENGTH (cm) 
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Fra. 10. AVERAGE UPPER Arm LENGTH, Forearm LENGTH, AND HAND Тимоти 
CHRONOLOGICAL AGE. 
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shape of the growth curves is different ; each of the human curves has a 

трэ of approximately equal annual increments. The difference in 

ед аре of the growth curves and in the duration of the growth period 
ult ш changes in the comparative length of these segments. A few 

comparisons will illustrate this point. 

НЕ. expressing Ше human as а percent 
owing tabulation is obtained: 


of the chimpanzee value the 


2 YEARS 5 YEARS ADULTHOOD 
M Е м Е м Е 
Upper arm length 74.0% 71.0% 76.1% 73.4% 103.6% 97.4% 
Hand length 675% 643% 634% 604% 795% 148% 


ng growth than in adulthood; for 
pecies difference once growth 
a consistent trend as there is 
two years ог adulthood. 
grow for a longer period 


There is a greater difference дот 
рр arm length, there is virtually no 8 
ч ss The hand, however, does not show 
сү difference at 5 years than at either 
impanzees grow faster, but human children 

of time. 
i Unfortunately a direct comparison ¢ 
ength. The figures for chimpanzee ulna 
of human radius to show that the shape of these curves is the same 
88 in the other two segments. At 12 years both ulna and radius lengths 
Were taken on three males and two females. The average radius length 
is 27.1em and 97.7 ст, male and female respectively. The adult 
шшш are 98.4% and 83.0% of these values. Taking these radius 
P umi in conjunction with those of the upper arm and hand, it is seen 
hat at adulthood the greater species differenee is in the more distal 
Segments ; upper arm shows practically no difference; chimpanzee radius 
is longer than human radius, but the greatest length difference occurs 
№ the hand. і 
In the lower extremity the situation is somewhat different (fig. 11). 


ere the human measurements are generally longer than the chim- 
Panzee’s although there is the same distinction in the shape of the curves. 
longer in human children 


"Fs length and knee height are apparently 
" ht from birth, in neither case do the species curves cross. Early in 
ife, thigh length shows no species difference, but the chimpanzee’s more 
rapid initial growth makes them the larger from 2 to 4 years. As the 
thimpanzee's rate decreases, while the human rate remains constant, 
he two species become approximately the same for the next two years 


When the human child gradually goes ahead. 


annot be made for forearm 
have been plotted with those 
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Neu was not measured in the Brush study, but a human, 
ва, p. 18) гсэн may be estimated from Munro’s nomograph (Munro, 
ма tmi s the Brush adult male, average stature and weight, 
in шан mean foot length of 26.6 + .88 cm was obtained. Using 

a comparison of the extremities (100 X human/ chimpanzee) 


may be made. 
MALES AT ADULTHOOD 


U T 

шэн arm length 103.6% Thigh length 144.0% 

— length 93.4% Leg length 161.0% 
and length 79.5% Foot length 109.950 


е humans have a longer 


Chi Р 
impanzees have а longer upper extremity whil 
egments equally reflect 


acr bdo, but in neither case do all the s 

his 5 The chimpanzee gets his longer upper extremity from 

ыы w hile the human gets his longer lower extremity from both the 
г and tibia, more from the latter than from the former. 


DEVELOPMENT: EXTREMITIES 
arm length (sum of aver- 


The developmental relation between total 
and trunk height is shown 


учи и forearm, and hand lengths) звів 
Ton i a 12. There is a large difference between the species in total arm 
his 1 at any given trunk height, but the sex difference within the 

es is small. At 28 em trunk height, the human total arm length 


is є я à 
70.2% of the chimpanzee’s; at 44 em trunk height, the percentage 
28 em trunk height 


is ; 
is аЬ The sex ratio (100 Х female/ male) at 
98.2% for chimpanzees and 98.8% for human children. At 44cm 
have become 97.2% and 99.776 


trunk 2 
ма height, these percentages 
respectively. 

In all 4 groups, total arm length inerea 


fo 2 3 : 
т every unit increase in trunk height; total arm length increases faster 
rate remains constant through- 


кер height, but the comparative | 5 ; à 
ЁН he growth period. The significance of the differences m the b’s 
амын no sex difference in rate for human children but a significant 
ane in size; chimpanzee sexes differ in rate and increase Sig- 
cantly faster than human children. 
hei Lower extremity length (average thigh length plus average knee 
ight) is plotted against trunk height in figure 13. A comparison of 
е b-values shows the more rapid comparative rate of lower extremity 


Srowth in humans; 2.29 boys and 2.36 girls, whereas the same values 


ses a little less than two units 
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for chimpanzees are only 1.43 and 1.36. The t-tests show no human 
sex difference for either rate or size, but a well marked difference both 
between the species and between the chimpanzee sexes. 

The relations between the segments of the limbs are given in the 
linear regression equations in figures 14 through 17. Although for 
forearm length, ulna was measured in chimpanzees and radius in the 
Brush children, this technique difference should change only the abso- 
lute size of the comparison but not the comparative rate of the two 
dimensions. Therefore, the curves in figure 14, forearm compared to 


чі 


CHIMPANZEE С s 
MALE о 12 17.31+ 95(Х-18.19) 
FEMALE о  Y*17.40 +.92 (X-18.46) 
HUMAN H 
MALE x У є 18.30 + Л5(Х- 21.98) H 
FEMALE + Y= 17.42 + 701(Х-21.36) 
Е 
2 
ж 
Е 
© 
2 
5 
220 
z 
= 
ё 
ш а 
=> 
8 |=5 
$a 
ш зе 
5 Li 4 
с uz CHIMPANZEE 
У Е MALE 4 1 
55 FEMALE 6.40 .23 .9988 .04 
= HUMAN 
5 MALE 4.52 43 .9992 .03 


FEMALE 4.06 49 .9979 .04 


30 32 


20 
AVERAGE UPPER ARM LENGTH (cm) 


Fic, 14. REGRESSION OF Averace Forearm LENGTH ON Аувплов UPPER ARM 
LENGTH. 


upper arm, are comparable with respect to rate. Within each species, 
males grow more rapidly than females; chimpanzees grow more rapidly 
than human children. 

Growth of hand length in terms of forearm length (fig. 15), shows 
no significant sex difference in rate within either species, but both show 
a significant size difference, females larger than males. In the species 
comparison, chimpanzee hand length in terms of forearm length increases 
significantly faster than that of human children. 
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There are no chimpanzee sex differences in either rate or size for 
growth of leg length in terms of thigh length (fig.16). The human 
sexes show a significant difference in rate, and both increase faster than 
the chimpanzee. 

For foot length in terms of leg length, only the chimpanzee sexes can 
be compared. These show no difference in either rate or size so the sexes 
have been combined (fig. 17). 
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Increase of total arm length in terms of total leg length (fig. 18) 
for chimpanzees shows no significant difference in either rate or size; 
the human sexes differ in size, but not in rate. The chimpanzee total 
arm length increases significantly faster than does the human. 


SUPPLEMENTARY RELATIONS 


In the previous sections, regression was used to depict relations 
usually studied by an index. In most instances the independent variable 
was trunk height, but for the segments of the limbs, some other variable 
was used. Because comparisons can more easily be made in terms of 2 


common base, the regressions of these segments against trunk heig 
have been calculated (table 4). 


eee 
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TABLE 4 


Constants for the linear reyression equations of dimension (У) against 
trunk height (X) 


DIMENSION (Y) GROUP SEX а“ b үз 
— M —2.57 0.72 0.9964 
Upper arm lgt = ғ --2.50 0.70 0.9951 
EET з Нитап м --8.30 0.76 0.9982 
Е --0.54 0.80 0.9954 
7 M --241 0.08 0.9955 
Chimpanzee г —189 бон 0.9056 
Forearm Ірі. 
Human M —4.32 0.57 0.9990 
F --4.24 0.56 0.9970 
Chi M 0.02 0.54 0.9953 
himpanzee г T 5 0.9915 
Hand lgt. Е 0.72 0.51 
Human -- —0.67 0.38 0.9961 
Chi " M —2.97 0.72 0.9940 
і г г —2.26 0.68 0.9962 
Thigh lgt. " 
Human M —14.68 1.10 0.996: 
Е —17.13 1.18 0.9958 
: M —2.07 0.59 0.9947 
чинар г —1.56 0.56 0.9957 
Leg lgt. А 
Human M —11.10 1.00 0.996 
Е —11.89 1.03 0.9928 
5 0.9953 
Foot lgt. Chimpanzee M 0.63 0.53 
і й F 1.47 0.49 0.9887 
=e M 6.66 0.20 0.9452 
Chimpanzee г 0.89 018 0.0456 
Head 12%. m 
Human M 14.07 0.10 0.976 
Е 13.48 0.10 0.9663 
Chimpanzee — 6.21 0.12 0.0404 
Head brd. 
Human M 11.81 0.06 шаг 
г 11.21 0.07 0.958 
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The values of b are of principal interest and are shown i 
in figure 19. In both the upper and lower extremity патр A iam 
the more distal segments have a lower comparative rate е arallel 
the more proximal segments. In chimpanzees these gradients p 
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In the species comparison, chimpanzees have the higher compara- 
tive rate only in forearm and hand. Although the differences in the 
upper extremity are all significant, they are not as pronounced as M 
the lower extremity where human thigh and leg grow approximately 
twice as fast as Ше chimpanzee's. | 

In a comparison of similarily placed segments of the two extremi- 
ties, the human lower limb grows considerably faster than ihe upper 
limb, thigh 1.5 times faster than the upper arm and leg 1.8 times faster 
than the forearm. In chimpanzees there is no significant difference n 
rate between the thigh and upper arm or between the foot and hand in 
either sex. In both sexes the forearm grows faster than the leg. 


GROWTH AND DEVELOPMENT:IIEAD AND FACE 


Growth of the head and face of the chimpanzee is represented by 4 
measures, head length, head breadth, upper face height, and piorbital 
breadth. The means are plotted by chronological age in figure 20; com- 
parative data from the Brush study are available only for head length 
and breadth. 

All 4 measures in chimpanzees show very rapid initial growth. Head 
length, upper face height, and biorbital breadth during the first year 
have an average monthly increase of 3.0% to 3.5% while head preadth 
has an average monthly increase of 2.1%. For head length and breadth; 
human children from three to 12 months have an average monthly 
increase of between 2.0% and 2.3%. Chimpanzee head breadth increases 
slower, but head length increases faster than these same dimensions m 
human children. 

The values of the head and face measurements at three months of 
age, youngest age for the Brush children, are expressed as a pereent of 
their adult size, maximum size attained during the study, in table 9: 
In both species at three months, head breadth has attained relatively 
more of its final size than has head length. In both of these dimension? 
the human child has relatively less growing yet to do than has the 
chimpanzee infant. 

In facial dimensions, chimpanzee biorbital breadth is relatively closet 
to its adult size than is upper face height, but both facial dimension? 
have relatively more growing vet to do than has either head diameter. 

The chimpanzee's initially rapid head and face growth quickly ud 
eelerates but continues а slow increase until 12 years. All 4 measure 
for chimpanzee may really have reached a plateau by this time, put the 
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TABLE 5 


Head and face measurements for the Normative Group of chimpanzees 
and for human children (Brush) at three months expressed 
ав а percent of their adult size 


CHIMPANZEE HUMAN 
Male Female Male Female 
Head length 65.6 66.4 n 72.5 
Head breadth 71.9 70.3 73.0 72.2 
Biorbital breadth 57.2 52.9 -- дэээ 
Upper face height 48.5 45.6 -- === 


sample, being small, does not indicate this definitely. By 17 years, the 
human male curve for head length is still increasing slowly, but Вей 
breadth and the two female curves have apparently reached their plateau. 
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MALE © 
Y=9,744,61(X-12,4 
КЕЙ 4+.61(Х-12.45) 
HUMAN H 
MALE x 


FEMALE + Y713,80 «,71(X-17.26) 


AVERAGE HEAD BREADTH (cm) 


2 s 
5, 5 г у 
10 у ух 
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HUMAN 1.01 лі ,9889 · 


20 
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Ne gown "we а very consistent relation between head length and 
"iem Lon ). Та neither species is there a significant sex difference 
бы sib ha е There is а significant difference between the 
Спира eadth ав compared to length increasing faster in humans 

ке impanzees. 
height ule = and head breadth were studied with respect to trunk 
taie almost А In both dimensions chimpanzees have a comparative 
diie dp Бета б that ої human children. Whether this difference is 
these data те sinus, or bone growth cannot be determined from 
tributes а ас, he development of the supraorbital torus, which con- 
mann and Sicl sts is in response to masticatory pressures (see Wein- 
Measte of Fere 47, p. 118) then head length is, at least in part, а 
repeatedly > а Washburn (42a, 7495, 243, and 758) has 
af external + nasized the dangers inherent in phylogenetic comparisons 
меран a erae dp when the internal anatomy is unknown. In the 
head ms ру the data simply indicate that these dimensions of the 
щъ д constant, comparative rate with respect to one another 

oth species, у 


DISOUSSION 
ber of differences in 


Th : 
е preceeding analysis has indicated a num 
an and between the 


Browt] 

sexes dem both between chimpanzee and m 

trunk pera each species. Two of these differences are apparent in 
ight growth (figs. 5 and 6). The original diversity in the 4 


Curves practi у 
practically disappears when age and final size are equated, indi- 
fferences in length of the growth 


сай 
Тений - the diversity is due to di 
height a to differences in final size. However, this curve of trunk 
is, Шы is curvilinear with respect to the equated age scale and 
hat the в. difficult to analyze in any simple manner. It does show 
е Ял, tern of trunk height growth, independent of the length of 
WO speci h period and of final, absolute size, is basically the same 1n the 
there die and sexes. In order to determine what other differences 
ay be, the method of comparison should not re-analyze the two 


al Д 
ready identified, 
п. Тһе index, plotted 


hi + 
Against index method does not satisfy this criterio 
1485 chronological age, is not independent of the length of the growth 


Der 

чи дээ if this were equated, the curve would not be linear and 

Some ma ow chance fluctuations which would have to be smoothed in 

18 used, te These difficulties disappear When 8 regression equation 
* The parameter 9 not only is independent of the absolute size of 
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the dimensions but also affords a simple means of comparing rate of 
growth when the same measure of linear size is used as the independent 
variable. 

The selection of trunk height as this measure of linear size stems 
from the similarity of the sex and species curves when total growth 
time and final adult size are climinated as variables. ‘Therefore, the 
study of the growth of each dimension in terms of trunk height РУ 
means of simple, linear regression shows the similarities and/or differ- 
ences which are independent of the differences in adult, trunk height 
size and the duration of chronological time necessary to attain that size. 

Considered in this manner, the growth changes between birth and 
maturity lose their complexity and instead there is regularity of change 
and constancy of direction. At least from birth, the primate organism 


. . . . B 4 i 5 
іп the dimensions considered pursues a single course of growth to it 
completion at adulthood. 
: Poen А : я j sum- 
For a consideration of the various regression equations, table б 807 


marizes the levels of confidence for all significant differences in compare 
tive rate and in size. "The first column lists the variables of the equ% 
tions; the second gives the groups compared (chimpanzee versus Бали, 
or Ше sexes within the species). The third column shows the level 0 
confidence for the species difference in comparative rate and the group 


Е я Whe 
with the more rapid growth (В for Brush and С for chimpanzee). ын 
ет 


"ро last eolumr 
The last сої e differ- 


both species, they would still have become more different 88 8 
progressed. The absolute differences in the limbs, hips, and pe 


not just repetitions of differences in linear body size but are addit 
and independent. ` 


The comparative rate with те 


топа 


1 
at hum” 


spect to trunk height shows th prendi 
n 


а grow faster in weight, lower extremity length, and hip 
= are slower in head length, head breadth, and total arm Тед И or, 
е segments of the lower extremity, human children are alway® 
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but for the segments of the upper extremity chimpanzees are the € 
only in forearm and hand length; human children have the ag 
in upper arm length. This points again to the conclusion that the с pa 
panzee gets his longer upper extremity from more rapid growth in th 
forearm and hand rather than from the upper extremity as a whole. 

Of the 9 regressions against trunk height (total limb lengths not 
considered), 5 for Brush and 4 for chimpanzee show no sex difference 
in comparative rate; of these, each species has no size difference in tra 
dimensions. The two species show about the same amount of sex вшин 
larity, but they show it in different dimensions. With trunk height 
constant, human children show no sex difference in weight or in hand 
length; chimpanzees show no sex difference in hip or head breadth. 
Therefore, absolute sex differences in these dimensions are associated 
with differences already observed in trunk height. 

Throughout the analysis, the dimensions were considered singly ог 
in pairs. In order to bring the dimensions together and present а р1С- 
ture of growth and development of the body as a whole, figures 22 ап 
23 were prepared. These figures represent, diagrammatically, 9 meas 
urements, in their relative anatomic position, of chimpanzee and human, 
male and female children at 4 stages in their growth period: birth, 
end of infancy, puberty, and adulthood. Data were not always available 
at the exact age marking the boundary between these subdivisions of 
the total growth period; therefore, data of the nearest chronological age 
were used as indicated. In both figures the width of the shoulders 18 
arbitrary as there is no measure of biacromial breadth for chimpanzees. 

The increase in absolute size from birth to adulthood can be see? 
in figure 22. The chimpanzece’s smaller, linear body size, longer upper 
extremity, and shorter lower extremity are apparent. The increase 10 
the size difference between the human sexes ean be compared with the 
no less real but far less apparent, sex difference in the chimpanzee 
However, differences in one dimension may augment or obscure differ- 
ences in another so figure 23 was constructed. 

In figure 23, the lengths of the various dimensions have been calcu- 
lated from their regression on trunk height. At each stage the trunk 
height of the average male chimpanzee was used for all 4 groups. These 
diagrams show what each of the 4 groups would have been like if 12 


each the trunk height had been the same as that of the male chimpanze® 
A number of otherwise obs 


birth both chimpanzee sexes s 
characteristic of adulthood. 


cured differenees are now apparent. Ёс 
how the relatively long upper extremities 
However, at this same time, they also hav 


137 


GROWTH OF THE CHIMPANZEE 


"аотаза НІМОНІ TVLOL чих NI SLNIOq чпод LV XTIVONLVWXVHOVI( NMOS 
маналино (неоча) мукан аху daZNVANIND ялухая аху TIVIN HILL ло AZIS 722 'DId 


аооналп ах 

D wee 
уст on 
этт armas 


хонузні зо анз 
гн та 
сс n 
qw ama 


ззінувніюо 


JAMES A. GAVAN 


138 


“AAZNVANIND SWE зохжахч AML во INSUL SYN 
“дәуі ноу моя ‘GIS слота ххаяд, ло GATVA анд, IONA эмом, хо козвзанозод WiNT4aONdaN TWL 
она CALVINOTVD яааж SNOISNANI(, AHL ао зилохат зит BOVIS HOVA LY -кзасино (мваяд) хуор UNY 
SAZNVANIND WIVAG[ аху TIVI Ям зо LNSKdOT4A3([ ху намоно зиз 40 NOLLVLINASABATY, OILVWOWVHONIQ "во "OIX 


34183804 
ахь gs s gu aser E БЭ E ge oh 


ооонілаавт 


донузна зо OND нінів 


m DJ cao ua s са 
ama DI эт, aw Bn rmn зе 


monan ЕРРЕРІЛІР menan ззаннениюо 


ЇЇ 2 
ЮМ ни 
Но 25144 


| | 
141 | | 
| l 1 1. 4 + x + мл = 


GROWTH OF THE CHIMPANZEE 139 


relatively 

this окуз бз lower extremities than do human children. In 
the кеа е: mee newborn child has relatively short extremities ; 
iu aliad a ade пе эр extremity remains unchanged during growth 
БАҚ өс бн ds , as at birth, human arms are shorter than chim- 
Kunai. com: x: 5 nm major change is in the legs where the much higher 

Явах - ч е rate produces a longer legged adult. 
нії Тепе wes. comparison is in head size a$ determined by 
larger din 2. э At all stages the human head is relatively 
and least: at s een 8, but the difference is greatest at birth 
5 ст, while вр к hood. At birth the difference in head length is over 
difference of Яс ша it is less than З еш. Breadth at birth shows a 
Sem. AMho ет 4 cm, but at adulthood this is reduced to less than 
body "- Se 1 the chimpanzee increases his head size relative to linear 
the huma Dover than does the human child, at any given trunk height 
n child has the absolutely larger head. 


SUMMARY AND CONCLUSION 


"me eu rt of this paper is to identify and analyze yesemblances and 
The ies cima chimpanzee and man during growth and development. 
and raised = ongitudinal data were obtained from 16 chimpanzees born 
ed at the Yerkes Laboratories of Primate Biology. For certain 

data from other laboratory animals are also 
om Simmons’ (244) report on 


Sex 4; 
ic ақа practically disappear. 
While нф himpanzee gestation period and chil 
children "ay and adolescence are relatively shorter tha 
In a ‘slat The difference is not great and perhaps is no 
18 very likely sense the timing of events within the total gro 
M y the same for both species. 
tively — i of weight indicates tha’ Е 
lia ин than human babies; the newborn chimpanzee weighs, 
umans "ip а 4.25% of its mother's weight while the same figure for 
5.50%. The chimpanzee range overlaps the human average. 


dhood are relatively longer 
n in human 


t significant. 
wth period 


t at birth chimpanzees are rela- 
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Using the maximum weight attained after 150 months as the пена и 
of adult weight, the male chimpanzee averages 52.4 Би and the ет | 
49.2 kg, but the heaviest female weighs more than the heaviest male. : 

Between birth and 144 months, there is considerable overlap BT 
the sexes in the weight range, and on the average there is no sex i: 4 
ference until 30 months. Females are then heavier until 120 mont В 
when the males go ahead. Human children are heavier than тан 
zees at birth and adulthood, but chimpanzees are heavier between 4 an 
12 years. 

pee weight increments show a decline after birth, eiae i 
an increase to an age of maximum growth; this occurs in human chi й 
dren before but in chimpanzees after puberty. Because the age A 
maximum growth comes at approximately 70% of adult size ш bo 
sexes and species, it is suggested that the age of maximum growth ги! 
be indicative of approaching adulthood rather than being causally relate 
to the events of puberty. НЕНІ 

When the average chimpanzee data for each linear dimension M 
plotted against chronological age, the various growth curves veh ly 
same general form. The largest annual increment occurs шд 25 
after birth; each subsequent increment is smaller than the рена 9 
In weight and in all linear dimensions, with the exception of hip bread : 
there is no sex difference in early infancy. In hip breadth, there = 2 
sex difference at this time; the male is the larger. There follows + 
period, not of the same duration in all dimensions, where, in the ро 
cranium, the female is the larger sex. Because of her shorter реет! 
period, the female does not retain this size superiority into ади во. 
except for trunk height and upper arm length. In all other post-crani 
dimensions the male is the larger adult on the average. ex 

Of the 4 head and face measurements there are indications of 8 я 
difference only in head length. In the other dimensions there is арр 
ently no sex difference even in the adults. 


Trunk height was used as a m 


„а of 
easure of linear body size instead 
stature, 


ins 
the usual measure іп human studies. When plotted Шаа 
chronological age, trunk height shows both species and sex differen 
These differences were almost elimi 


ет“ 
nated by expressing age as 9 Р 
cent of the total growth 


period and by expressing size as а percent, ы, 
adult size. The two species and sexes differ in adult size and mating 
length of time required to reach that size, but the curves connect? 
these end points with conception are practic 


5 ally the same. 
The other linear dimensions and weigh 


А вех 
$ also show species and 
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112 ганне if these differences are independent of those 
mmi з d be runk height, each dimension and the cube root of 
ч Б veigh (rather than average weight itself) were plotted against 
unk height, and the linear regression equations were determined. 
" Regression was preferred over the traditional indices in this case 
л by using all of the data simultaneously, regression identifies the 
x n trend of the data and gives a simple, more consistent picture of 
ative changes during growth. Simple linear regression was used in 
oo to more complex expressions because the coefficient of deter- 
фа ‘ation showed that only an insignificant amount of the original vari- 
ability in the dependent variable was not associated with the variability 
їп trunk height. 

The regressions against trunk height showed that human children 
(as represented by the Brush data) have a higher comparative rate of 
Srowth in weight, hip breadth, total lower extremity length and each of 
its segments, and in upper arm length. The chimpanzee has the higher 
te rate in forearm length, hand length, total upper extremity 
ength, head length, and head breadth. In each case the species dif- 
ference was highly significant. Even if linear body size had been the 
Same in these species, there would still have been significant differences 
In all the other bodily dimensions considered. 

This methodology, regression of each dimension against trunk height, 
not only reduces the complex picture of growth depicted by indices to a 
Series of simple straight lines, but also makes it possible to use trunk 
height as a comparative measure of growth. The organism, in the 
Imensions considered, follows, at least from birth, a single course of 


8towth to completion at adulthood. 
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SEX AND AGE DIFFERENCES IN THE COMPOSI 
TION OF THE ADULT LEG 


BY STANLEY MARION GARN AND JAMES H. SAALBERG 


Fels Research Institute, 
Yellow Springs, Ohio 


INTRODUCTION 


HYSICAL anthropology has long been interested in the dimen- 

sional, structural and topological differences between the sexes; 2, 
in the divergent changes in form and structure associated with aging 1 
men and women. Up to a decade ago these problems were attacke Я 
for the most part, by anthropometric techniques, with an accumulab? t 
of information on size differences and size changes. During the n 
ten years the use of roentgenographic techniques has made it possible = 
go beneath the surface, and to trace the “internal contours” and ын 
changes during the formative years (Reynolds, 59). Most recently 
attention has been directed toward the latter half of the life cycle (Key? 
253; BroZek and Keys, 50; BroZek, 159). 

What happens in the aging adult is only poorly known, even 
male, and in our own culture. Weight increases up to the sixth € 
(Hooton and Dupertuis 251). This may be attributed to a gain 7? = 
though after some point there must be a loss in muscle. Loss in dim 
sions other than stature, revealed by anthropometric techniques, mT а 
due to loss of fat, or muscle, or both. Only in the increased size © 
ears and nose have we a clear picture obtained by anthropometry alo 
of what happens to particular structures as age progresses. ifie 

Using indirect estimates of body composition, such as the us 
gravity technique of Behnke and his associates (42), or more $ 
measurements of subcutaneous fat, Keys and his group have esta 
some illuminating facts (Keys, 753; Brožek and Keys 250, 91). 
aging male there is a progressive increase in fat, even with 60 


jn the 
decad? 


jished 
t е 


пейді 
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weight. ща 

body fat х с true only in a general way. On some parts of the 
Валыні Ge Би эн rapidly; elsewhere fat gain is slow (багш, 758). 
groups may меп = шау show а rapid decrease in 886: other muscle 
decreases at tl ane ed size for a long time. In some areas fat 
need 15 for ий — time that it increases elsewhere. Our present 
and how muele ош on when and where fat is gained, and when 

ЈЕ ін the pur з lost in adults of both sexes. 

of sex and age а of this study, therefore, to investigate the problem 
(the іо m erences in tissue composition on one part of the body 
tive sex di "alic age span 20-50 years. It is recognized that quantita- 
vary considerab 79. and changes in composition associated with age may 
age span under У according to the part of the body considered and the 
Presenting dat investigation. In dealing with the lower leg, we are 
that these iun on one part of the body and neither suggest nor expect 
as a whole, anges are characteristic of other body regions or the body 


M MATERIALS AND METHODS 

, Пе presen 5 

and fat shad { study is based on linear measurements of the muscle 

adows У ^ SE 
emales, usi ows on lower limb X-rays of 50 adult males and 50 adult 
: E ng „д; : В 

niques +} 5 standardized roentgenographic and mensurational tech- 

nroughout. ? 


Тһе : 
ЭНН зайн мэх хан in this study wer 
ation of Ko cache origin, members of the semiurban middle-class popu- 
п the longitu ocn Ohio. Ninety-one were parents of participants 
№ the Fels 1 inal growth studies, two had themselves been participants 
els lice “чий studies since birth, and 7 were members of the 

Th ад: 
ata ig o of the left leg in every сазе, 
dardized 6" tube-to-film distance as 


в white, with few exceptions of 
i 


were taken antero-posteriorly 
described by Reynolds (51). 
nd peak kilovoltages 
n limb thickness. 

uscle diameter, 


Tanged fp conds a 
om 51 to 59 ky., as required by variations i 


Usin, : 
Ба 
вее аи vernier caliper (Fisher 212—130) calibrated to 0.1 mm. 
ickness was recorded as measured, while superficial tissue 
recorded 


aspects of the leg were 


Sepa: 
] tissue thickness (muscle plus 


Tate] 

Tes (fig. 1). Total fat and tota 

З It ГУА рева: by addition. 1 

lametors be noted that the particular measurements taken are simple 
» designed to show the extent of variations in muscle and fat 
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FINDINGS leg tissue б 
іп lower leg ts tively. 
he invest; tion of sex differences in а and отлей -— 2 
Was be | by 7 s ring the diameters for я І tissue diameters ifferent. 
8 Sings ‘ rents of table 1, the 10 1 o significantly чо 
S Shown jz umns 1- ves and not signi! и 
Plus fat) у ис "s parable in the two sexes a sex а їп {һе 
5 ин и sition there was а ma nd only 95.6 mr шаг, 
е о а 5 ; we 
Т, In tissue conp 5mm in the men, tly thicker in the Sanit 
ess Averaged ES d, was consisten а male total of 9. ~ 
еп. Бар on the other hand, tly twice the f a compara 
With th | i iy EAT не were 0 in the 
е rerg g 19.0 mm, kness 3 in 
Рекс, total ЗУ Бог in fat thic d tisse diameter 
onde ABewise the = 1 16.4% of the total tis 
y eg fat equale . 
Vome > and only 8.1% in the men. 
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‚ and in the 
The sexes differed not only in Паси өле ace placement 
iformly greater fat thickness in the women, but als is wes of үлээн 
4. In the men medial and lateral leg fat depo Бөс un the 
sts бр е being 5.1 and 4.4mm thick respectively. 113 
parable magnitude, пете 9. 3 ЖБ цагаан averaged 
n, however, medial and lateral leg fat thic late fat on 
есу" mm кимеген The female tendency to pe | difference 
the Байг margin of the leg was best demonstrated by өнд (medial 
between medial and lateral leg fat. In the men the differ хаших № 
minus lateral fat) averaged 0.7 == 0.3 mm. In the women, 
mean difference between the two layers was 3.5 + 0.5 mm. impart to 
Since the women were absolutely fatter-legged, it was val fat was 8 
determine whether this difference between medial and ae fat present 
true sex characteristic, or merely a function of the ш нэл leg fat, 
Accordingly 25 women and 25 men were matched = күшігін 
using а “matched-pair > technique (Peters and iy women sti 
Though almost perfectly matched for lateral leg fat, the varent that 
exceeded the males in medial fat by 40%. It was thus zt oct of the 
the tendency to deposit fat differentially on the medial ат 11517: 
leg is a female characteristic, present in slender-legged an аб 
women alike, and not simply a manifestation ої greater leg ade тор» 
The analysis of age changes was made by comparing сэн an 
by comparing subjects below and above the relevant age me я де groups 
the use of the product moment correlation. Since the dec к the 
add nothing to the findings they will not be mentioned E ‘from the 
men the younger group of 25 (mean age 32) did not di m column? 
older group (mean age 46) in either fat or muscle (table Were thus 
4-6). No definite, and certainly no significant age changes в; 
revealed. The women similarly show 
did show a marked change in fat 
increase from the youn, 
was due primarily to a 
the insignificant chang 


ed no age change in muse 
(table 1, columns Қы 
ger to the older group averaged 4-1 nd 1688 10 
n increase in medial fat (-- 3.5 mm) й over 2 
е in lateral leg fat (+ 0.6 mm). Thu of leg и, 

decades the women exaggerated the typically female и aspect 9 
distribution, by adding fat disproportionately on the media 4 
the leg. ositio® + 
The sexual differentiation in the age changes in leg Ше А jal 168 
best demonstrated by the correlation coefficients. In the rim те 
fat is insignificantly correlated with age (— 0.018 --0.14). ther h Т 
sion line is nearly horizontal (fig. 2). In the women, on the " à pett? 
the correlation is moderate (+ 0.43 + 0.12) and significan 
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эр i inus 
than the 1% level of confidence (fig. 2). The difference, D 
lateral leg fat, increases with age in women, but not in 5 an ОЕП 6 
the correlation coefficient is — 0.02 + 0.14. In women й vt к 
0.11. There is little doubt that there is an age-associated incre 
in the women but not in the men. ії 
№ e sexual dimorphism is evidenced in the amount of даси 
the placement of leg fat, and in the rate at which leg fat сто оп the 
with age. In the age span considered fat does not 2. ите 
male leg. In Ше women, on the other hand, leg fat accumu d “рч 
rate of 2mm рег decade, primarily on the medial aspect 0 Kon 
Unfortunately our data do not include subjects from the жетегі on бв 
of life. Therefore the age at which leg fat ceases to accumula sisti 
Women and begins to diminish in both sexes can not now be asce 


DISCUSSION ад 
The findings in this stud 8) 
Reynolds (51) have pre 
in the soft tissue comp e far 
smaller in absolute diameter (— 2.4 љт), the women Вау MT 
muscle (— 11.6 mm) and far more fat (4- 9.5 mm). р А is 
as well as in absolute measurements, total leg fat in these. eiat? 
double that for the men. These findings again indicate the З ців 
ої considering body composition in making anthropometric сотра small; 
The sex difference in leg circumferences in this age group is W de- 
but if we consider tissue composition rather than girths, the e , errors 
gree of dimorphism is large indeed. One might also point out t M y 
inherent in the customary technique of relating basal oxygen СОЇ 
tion to surface alone, wit 


я ап 
У > | . the surface, 
hout considering what is under the su 
its metabolic requirements, 


However, totalling of fat me 
leg size and other diameters mis 
tween the sexes, namely 
on the medial and later 
Women, on the other ha 


y show, as Reynolds and Grote 4 phism 
ә ех dimo 
viously demonstrated, a marked sex din 


. slightly 
osition of the adult leg. Though only 8 - Jess 


156, 


40 
al fat " 


asurements, and relating tot tion 
ses the most important distinc eposit 
the location of the fat. In the men, ас ки 18 
al aspects of the leg are nearly и ой 
nd, there is а disproportionate scr 10146 
fat on the medial aspect of the leg. This female characteris gy #7” 
even when the total amount of fat is considered. It is ширэн та 28 
portant, in studies of body composition, to determine where и this 
located, as well as how much fat there is. Moreover, Hen о ant" 
differential pattern of fat accumulation, one senses a further е 
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tion for the apparently higher incidence of genu valgum (“ knock- 
knees У) in women. And one sees why the sexes differ in the contour 
of the “inner calf curve,” at least in the age span considered here. 

The age changes observed in this study deserve especial comment 
because they are not what we expected to find. Following Keys (58), 
and Brozek and Keys (50 and 51), as well as other studies using the 
Behnke technique, we expected an age-associated loss in muscle and a 
Ват in fat in both sexes. In our men there was no significant change in 
either muscle or fat as age progressed. In the women, while muscle 
remained constant, there was a notable age increase in fat, especially in 
Medial leg fat. ‘Thus the female characteristic, a high ratio of medial 
+ lateral leg fat, becomes even more pronounced in later years. 

i These findings in no way contradict those obtained by other tech- 
+ Fat need not accumulate upon the calf of the leg to the extent 
hat it does on other parts of the body. A shift in specific gravity merely 
means that fat has been added or muscle lost, without telling where the 
088 or gain has occurred. The roentgenographic and the densitometric 
techniques supplement each other in telling us how much and where 
ТЫ tissue has been gained or lost. However, it is notable that during 
nei age range considered the male leg remains seemingly constant in 

Position, Evi ‚ the decreasing output of testicular hormones 

angi uf ruri ы ке poe Сыз. In the aging female, on 
the other a parallel loss of leg | ging E 
er hand, muscle size remains constant, but the leg rapidly accum 
ates fat, 
М-ы is no immediate explanation for this sex 4. is ба 
148 for | or in fat gain, any more than there che түлей ae 
251 А. P теби higher fat que за мин ат бле, E ae эгч 
during ü 8 true that the woman may have ай d т T Б | 
Activity стн day, and it is possible but often improbable К пазе 
lone. evel is less. Yet we should not neglect the бий tha umi і 2 4 
nes do not possess the specific metabolic effects of andr орепіс hor 
ime and during the steroid phase of development the fat gain charac- 
16 of the female is especially pronounced. 
era], m the subject of obesity itself should be еленеді "E 
all age ens life span are inversely ape = = Se. 
lates fat els more obese (that is, fatter), 606 = = т 
tinues fà more rapidly during * middle age. Es : i : emer 5 
6 Progr е greater for the woman despite 2 а a ee, 
age с ы further into the investigation of adu Merten 
їп body composition we may find out why this 
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SUMMARY 


1. Sex differences and age changes in the soft tissue composition of 
lower leg were investigated by measuring anteroposterior leg X-ray 
of 50 women and 50 men, largely in the 20-50 age span. 5 
8. Though of comparable total diameter, female legs differed from ще 
legs in their lower absolute muscle content, in their higher absolu 
fat content, and their higher percentage of fat (16.5% in women; 
8.1% in men). a 
The sexes differed also in the distribution of fat on the lateral мезі 
medial aspects of the leg. In men the two thicknesses were y 
parable (4.4 and 5.1mm respectively). In women medial Ч 
(11.3 mm) exceeded lateral fat (7.7 шт). Medial fat was 150% 0 
lateral fat in women and 110% in men. оба 
Age changes in leg composition were insignificant in the men; 
correlation between age and medial fat was — 0.018 = 0.14. йу 
- In women, though muscle held constant, fat increased marke ; 
with age, especially medial leg fat, with a correlation coefficient 0 
+ 0.43 + 0.12 between age and medial fat. tion 
Attention was directed to the necessity of investigating the loca 
and distribution of fat, in addition to overall estimates of fat 80 
muscle content. : 
Explanations for these sex differences were considered, and оком 
was directed toward the paradoxical situation where greater obesi 


М ә “ be 
in the female is not associated with increased morbidity as might 
expected. 
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DERMATOGLYPHICS OF EGYPTIANS 


BY DAVID C. RIFE 
The Ohio State University * 


НЕ investigation reported herewith was undertaken with two objec- 

tives in mind: first, to learn how the frequencies of finger-tip and 
palm patterns and of palmar main line formulae of Egyptians compare 
with those of other populations throughout the world and, secondly, 19 
determine whether or not Egyptian Muslims and Copts differ with 187 
spect to dermatoglyphics. Hand prints of 271 male Egyptian students 
were collected at Fouad I University in Cairo, and at Assiut СоПеве i 
Assiut, upper Egypt. Data on the incidence of finger-tip patterns 
among 300 females and 1,000 males, irrespective of religion, and als? 
of 1,000 Coptic males were obtained from government records 0n file 
at the Egyptian Ministry of the Interior. The prints of all civil € 
ployees, as well as those of house servants, are recorded in chronologic? 
order. Males and females are recorded in separate series. Our p 
were taken from books of records selected at random. The first 1,00 
men recorded in one book, and the first three hundred women in another 
book, and a hundred Copts from still another book provided our ш 
mation on the frequencies of patterns on finger-tips. Only those es д 
viduals having legible prints of all areas are included. Сор constitu ^ 
only a small minority of those whose prints are on record. А8 religio” 
is not specified on the government records, the Copts were identified 
name. з 

Grateful acknowledgment is due to Dr. Mohammed Zaky of the Minis 
try of the Interior; Dr. Skellei, President of Assiut College ; and oe 
F. G. Zakl, Faculty of Science of Fouad I University, without who? 
sincere cooperation the project could not have been completed. 


* Institute of Geneties and Department of Zoology. 
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FINGER-TIP PATTERNS 


Table 6 
eh ae ^ Shows the frequencies of whorls, loops, and arches among 
tively ts — investigated. All groups are characterized by rela- 
gh frequencies of whorls, and rather low frequencies of arches. 


TABLE 1 


Observed per 
percentage frequencies of finger-tip patterns among Egyptians 


SOURCE 
5 SE NUMBER SEX WHORLS LOOPS ARCHES 
overnme Б 
Жөн. 300 Female Right 36.2% 612% 2.0% 
unclassified Left 35.4 58.8 58 
ёс Total 35.5 59.8 44 
Vvernme 
а ae 1000 Male Right 425 54.8 27 
Left 39.3 57.0 3.7 
бо, Total 40.0 55.9 3.2 
ernment, fila 
üpis а 100 Male Right — 43.5 54.9 1.6 
Left 37.6 592 32 
йық Total 40.5 57.1 24 
рі 115 
Cairo тт Male Right 48.0 46.1 5.9 
Left 46.2 46.3 1.5 
Иран, Total 471 46.2 6.7 
8 
Ssiut 20 Male Right 48.0 51.0 1.0 
Left 46.0 53.0 1.0 
Сор Total 47.0 52.0 1.0 
Cairo 61 ме — Right 482 4000 22 
Left 49.8 41.5 2.7 
берь Total 49.0 48.5 2.5 
Ssiut 113 Male Right 43.9 53.0 3.1 
Left 43.1 53.6 33 
Total 43.5 53.3 3.2 
Mon 
8 т : 
Mately 40 ales the average frequencies of whorls ranges from approxi- 
th % to 49%, all four student groups having higher frequencies 


ап th 

086 о : 
"equencic btained from the government files. 
» 


erences ar, of whorls, as is usually true. 
апа о 2 Apparent in the higher frequencies of whorls on right fingers, 
аткары Slios on left fingers. All 4 student groups show rather re- 

Similarities in the frequencies of the three types of patterns. 


Females show the lowest 
Consistent bimanual dif- 
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PALM PATTERNS AND MAIN LINE FORMULAE 


All 4 student populations show essentially similar frequencies of 
palm patterns. They are characterized by relatively high pattern fre- 
quencies in the hypothenar area and low frequencies in the thenar/ 

TABLE 2 


Observed percentage frequencies of palmar patterns among Egyptian males 


THENAR/ SECOND THIRD FOURTH 
SOURCE NUMBER HYPO- FIRST INTER- INTER- INTER- INTER- 
THENAR DIGITAL DIGITAL DIGITAL DIGITAL 


Muslims 77 Right 337% 11.6% 12.9% 50.6% 44.1% 
Cairo Left 42.8 12.9 TA 38.4 53.2 
"Total 38.2 12.3 10.3 44.6 48.6 
Muslims 20 Right 30.0 5.0 15.0 40.0 65.0 
Assiut Left 40.0 10.0 0.0 15.0 70.0 
Total 35.0 7.5 7.5 27.5 67.5 
Copts 61 Right 50.8 4.9 6.5 442 36.0 
Cairo Left 36.0 16.3 0.0 26.2 59.0 
Total 43.4 10.6 3.2 35.2 41.5 
Copts 113 Right 32.7 2.6 9.7 51.3 44.3 
Assiut Left 38.0 15.0 2.6 26.5 48.6 
Total 35.3 9.2 6.2 38.9 46.4 


first, second and fourth interdigital areas. "The frequencies are similar 
to those observed among Rwala Arabs (Shanklin and Cummins, 787) 
and Syrians (Cummins and Shanklin, 237) 

Main line formula 11.9.7. is most abundant, and 7.5.5. occurs rela- 
tively infrequently. Here, again, no real differences are indicated be- 
tween the student populations. All are character 
versality of main lines, in which respect they 
peoples of the Middle East. 


ized by marked trans- 
resemble Europeans and 


DISCUSSION 

| Caucasions manifest considerable Variability in regard to pattern 

intensities on finger-tips. With respect to whorls, northern Europeans 

show 25-30% whorls, southern Europeans show 35-40% and Jews and 

Middle Eastern people have 85-45%. (Cummins and Midlo, 243.) 
> 


29 


га 


~ 
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TABLE 3 


Observed percentage frequencies of various main line formulae among 
Egyptian males 


SOURCE NUMBER 11.9.7. 9.7.5. 7.5.5. OTHERS 
Muslims ТТ Right 37.6% 11.6% 10.3% 40.5% 
Cairo Left 14.2 12.9 11.6 61.3 
Muslims 20 Right 30.0 15.0 15.0 40.0 
Assiut Left 00.0 10.0 30.0 60.0 
Copts 61 Right 31.1 16.3 6.5 46.1 
Cairo Left 11.4 18.0 8.2 62.4 
Copts 113 Right 35.4 7.9 10.6 46.1 
Assiut Left 12.3 13.2 9.7 64.8 


Available evidence indicates that Caucasions are characterized by rela- 
tive uniformity with respect to palm patterns and main line configura- 
tions. The hand-prints of Egyptians are typically Caucasion, and the 
pattern intensities on finger-tips are strikingly similar to those of other 
Middle Eastern people. 

No real differences are indicated between the dermatoglyphies of 
Muslims and Copts, or between those of upper (Assiut) and lower 
(Cairo) Egyptians. Abdoosh and El-Dewi (49) and Boyd (751) have 
compared the ABO blood group frequencies among Muslims and Copts, 
and although certain differences were suggested, none were great enough 
to be very significant. Boyd (51) also compared the M and N blood 


types, eye color, and taste reaction to phenyl-thio-carbamide, and no con- 
fferences were apparent. It seems reasonable 


sistent and significant di т 
Muslims and Copts are of essentially the same 


to assume that Egyptian 
ethnic stock. 
SUMMARY 


Analysis and comparison of the fingerprints of 1673 Egyptians, as 
well as the palm prints of 273 of them, reveal close similarities to the 
dermatoglyphics of other Caucasians, especially those of the Middle 
East. No real differences were indicated between the dermatoglyphics 
of Muslims and Copts, or between those of the inhabitants of upper and 


lower Egypt. 
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THIGH GIRTH AND NUTRITIONAL STATUS: 
A COMMENT 


BY JOSEF BROZEK 
Laboratory of Physiological Hygiene 
University of Minnesota 
Minneapolis 14 


НЕ paper by Skerlj (58) reflects the physical anthropologist’s 
growing interest in nutritional status. This interest will slowly 
avorable cultural * climate ” and methodology needed 


but surely create a f 
ally more meaningful description of human 


for a more precise and biologic 
physique (ef. Brožek, 758). 

Because of the fundamental importance of this task for physical 
anthropology and for the wider field of human biology, the need for a 
clarity of thought and accuracy of interpretation can hardly be over- 
emphasized. Thigh girth is a complex datum, including all 3 principal 
anatomical body components—bone, muscle, and fat—which can con- 
tribute varying amounts to the total in different individuals. Thus it may 
be confusing to say that subjects who deviate 2 standard deviations below 
the mean value of thigh girth are “Jean,” those who exceed the same 
positive deviation, “ fat.” Leanness-fatness continuum refers to the fat 
content. You can have a large but lean steak (or thigh). While it is 
true that, on the whole, a larger thigh will mean a thigh with a larger 
amount of intramuscular and subcutaneous fat, this will not apply in 
individual cases in which the muscle tissues may be the dominant factor, 
with a minimum of subcutaneous fat. 

The information yielded by the thigh girth measurement would be 
markedly improved by the addition of a skinfold measure (at the same 
height, on the frontal surface) and perhaps also of the width of the 
femoral condyle, as an index (together with stature) of the skeletal 
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mass. While it is true that adequately standardized calipers and methods 
of measurement had not been available, for many purposes this does not 
invalidate the use of home-made calipers, “standardized” by and for 
the particular investigator. The question of standardization becomes 
crucial for inter-laboratory comparisons and for setting up generally 
valid norms. 

While the correlation coefficients calculated by Dr. Skerlj are of 
interest in their own right, as descriptive statistics, few of the data are 
relevant to the topic of nutritional status. The high correlation of thigh 
girth with weight would indicate that, under conditions of normal body 
hydration (absence of edema), the use of the thigh circumference would 
add little to the information about the caloric aspects of nutritional 
status provided by relative body weight (actual weight as percentage 
of the sex-age-height standard). Тһе correlation of the latter charac- 
teristic with the classification according to the “plastic” type is not 
given. 

The use of an anthroposcopically assessed charcteristic, such as the 
plastic type, as a criterion against which the anthropometric data are 


validated is a basically questionable procedure. Yet this is the only 
procedure used in the study. 


TABLE I 


Circumferences, in cm, measured in 32 young men during the control period 
(C) and after 24 weeks of maintenance on a highly reduced caloric intake (524). 
А = 0— 824. A% = 1005/C. 81, = standard deviation of the distribution during 
the control period, used as a measure of “ deviation from normal.” 


Sai Á = кенеттен 


Circumference e 824 A 4% A/SDo 
Thorax 89.3 82.6 6.7 7.5 2.0 
Abdomen 78.1 70.7 74 94 1Л 
Upper атт 28.5 21.5 то 24.5 3.9 
Thigh 47.1 38.0 91 19.4 3.2 
Calf 37.7 33.0 47 19.5 2.8 


— А 
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\ more rigorous approach is to examine the differences in anthropo- 


metric dimensions (circumferences) in groups of individuals whose 
nutritional status is known to have changed drastically. The data for 
5 circumferences, measured in the Minnesota starvation-rehabilitation 
experiment (Keys, et al., ^50) are presented in T'able I. 'The decrement 
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in thigh girth, whether expressed ах percentage of control value or, pre- 
erably, in terms of the displacement ratio. is exceeded by the upper 
arm. "Phe reason for the differences between the limb circumferences 
has not been definitely established. Th principal factor is likly to have 
been the initial amount of subcutancous fat. The second factor could 
be edema. Perhaps edema affected the calf most, the arm least. "This 
would be a definite reason for using the latter in preference to measure- 
ments on the lower extremity. It may be noted. in passing. that in 
Howells’ (92) factor analysis of body build it was also the upper arm 
circumference which had the highest positive score on the first. (endo- 
Morphy-ectomorphy ) factor. 


TABLE 11 


Crosscctional arcas of the limbs, in єтї. For legend scc Table I. 


Crossectional 


area с a AG 
Upper arm 04.6 D 43.0 
Thigh 176.7 114.6 35.0 
Calf 113.3 86.8 23.4 


The changes are more impressive when we deal with crossectional 
areas rather than with the linear cireumferences. These data are included 
in Table 11. То be more precise, one should correct both the control (C) 
and the starvation (S24) values for the crossectional area of the bone, 
estimated from roentgenograms. For thigh, the values of the corrected 


Crossectional area (area of soft tissues) were С = 170.6 ст“, 524 = 108 
А — 62.1, A% — 36.4. Ideally, the values for the crossectional areas of 
Subeutancous fat and muscle should be evaluated separately. 

There are two methodological limitations noted in Dr. Skerlj’s com- 
munication which can be easily remedied. Rather than working in an 
“tea very close to the sex organs, the circumference could be readily 
Measured at the mid-thigh level. (midway between the top of the patella 
"nd inguinal fold). With the subjects sitting, this point can be 
determined and duplicated with considerable precision. Variations in 
Pressure can be obviated by the use of a constant pressure tape. 
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POPULATION AS THE UNIT OF STUDY 
IN HUMAN BIOLOGY 


Chiefly by chance and only slightly by design, the editors find 
virtually a whole issue of Human Biology devoted to demographic studies. 
But should one call it chance when a series of unrelated papers, although 
on widely divergent subjects, turn up at one time on the editor’s desk 
with a common theme? Instead, it may signalize a meaningful current 
emphasis on the relation between human biology and demography. One 
of the articles is by a sociologist and a demographer who found it impor- 
tant to start with a census of the Hutterites in order to measure their 
mental public health. The census revealed an unusually high fertility 
and a population that, without immigration, increases itself at a much 
greater rate than any previously studied. A second article is by an applied 
anthropologist who finds population characteristics important in respect 
to human ecology. In this study of an American Indian village, vital 
statistics are viewed in the light of the cultural and physical environment 
of the group. The third is a brief attempt at the reconstruction of 
demographic characteristics of historic peoples from such literary sources 
as the Bible. The fourth article is by an ethnologist. He presents data 
оп intertribal mating of Australian aborigines at the time of first contact 
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with Europeans. This study of a stone-age people will permit estimation 
of one of the variables—the rate of intermixture—which physical anthro- 
pologists use in calculations based on the genetic theory of the evolution 
of human races. When we apply this theory to the question of human 
evolution, the high rates of intergroup mating which are here reported 
for the Australian aborigines lend weight to the argument that in man 
there must always have been a considerable tendency towards race 
amalgamation. 

Population, then, is the unit of study in some modern approaches to 
the evolution, genetics, and ecology of man. It should be one of the 
central themes of our journal. As one correspondent commented, “ There 
are an increasing number of research problems in which biologists and 
demographers are looking at the same phenomena, sometimes the same 
data, with related but somewhat different goals and quite different 

analytic procedures,” 

Human Biology, of course, is not to be limited to demography any 
more than to physical anthropology, biostatistics, or any other single 
aspect of the field. In the future we may wish to emphasize—perhaps 
again with a group of articles—the relevance of human biology to some 
other discipline, nutrition, for example, or immunology. However, in 
maintaining our independence of any one professional group, Human 
Biology risks the loss of the support which such affiliation can give. 
The convergence of interests of human biologists and demographers 
should have two facets. On the one hand, more readers of Human Biology 
may wish to join the Population Association of America * and thereby 

identify themselves with others who have a serious interest in the 
scientific study of population. On the other hand, demographers can 


increasingly support Human Biology through contributing articles and 
through subscribing. 


GABRIEL LASKER 


* Population Association of America, 
Department of Health Education and We 
Hugh Carter. Dues: $3.00, Members ri 
publications. 


c/o National Office of Vital Statistics, 
Нате, Washington 25, D.C. Secretary: 
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MILK * LET-DOWN " AND THE ORGASM IN THE 
HUMAN FEMALE 


BY BERRY CAMPBELL AND W.E.PETERSEN 
Department of Anatomy and Department of Dairy Husbandry, 
University of Minnesota 


НЕ nature of the phenomenon of milk let-down in the cow has 

been investigated by one of us (Petersen 744) and has been demon- 
strated to be a result of release in the blood stream of the oxytocie prin- 
ciple. This has been shown to be induced, under ordinary conditions, 
reflexly by sensory stimulation of the udder. The 45 seconds usually 
intervening between the application of the cutaneous stimulation to the 
teats and udder and the response in the parenchyma of the gland in 
the lactating cow is sufficient for and consistent with a reflex phe- 
nomenon having a neural afferent leg and a hormonal efferent leg of the 
are. The phenomenon is of similar nature in the human female, as 
many published observations as well as those of the present authors indi- 
cate. Both sensory and psychic stimuli serve to evoke the milk let- 
down in the lactating female and the observation of the phenomenon is 
commonplace though frequently subjective in the woman herself. Where 
much milk is present, or the nipple sphincters are faulty, it may be 
observed by others as a running of milk from one breast as the infant 
is put to the other. The clinical importance of this phenomenon in the 
instance of its failure in lactational non-performance in women has been 
commented upon in an earlier publication (loc. cit.) and by Newton 
and Newton (250). 

The purpose of the present communication is to report a series of 
observations which lead the authors to the view that an extension of 
the phenomenon of milk let-down is to be observed in lactating females 
subject to sexual stimulation, and to examine the implications of these 
data in relation to the biology of the female orgasm. 


~ 
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Despite the wealth of literature, recent and early, dealing with the 
female sexual response, considerable confusion exists as to its real nature 
and place in the economy of the individual. Some authors consider the 
female orgasm as exact a homologue of the male phenomenon as the 
anatomy of the parts will allow. Others consider the essential response 
to be a completely subjective one, i.e. psychic, and not observable to 
others but only to be inferred (Ford and Beach, 751, р. 252). As to 
its place in bodily economy, opinions vary from the view that it is of 
no importance to the reproductive act to the possibility that it is facilita- 
tory if not essential to the sequence of events leading to fertilization. 
It is believed that the following observations may explain some of the 
confusion which has beclouded this subject and, perhaps, lead to a more 
productive hypothesis by which sexual responses may be studied. 

Five human cases in which milk let-down in the human female has 
been correlated with sexual responses have been studied. Each has been 
observed by a physician or a scientist. The one for which there are the 
most observations is a multiparous woman, who observed with each of 
her 4 lactating periods that the sexual act usually resulted in a copious 
flow of milk. This might not have been observed so clearly, or possibly 
not at all, if it were not for the fact that the nipple of her left breast 
was somewhat inadequately supplied with a sphincter. In this subject, 
the milk let-down at nursing was more observable than usual and could 
be seen to result from the anticipation of putting the baby to the breast. 
Thus, in this instance, cutaneous stimulation was not essential. 

The other four cases were essentially similar but have not been 
studied with the same thoroughness of the instance reported above. Ап 
important agreement between the cases is that in regard to the let-down 
of milk during sexual intercourse, there was observed a correlation 
between the fullness of the sexual response and the let-down phenomenon, 
it being much more marked when the woman felt a greater sexual 
response had been achieved, 

Additional observations of this phenomenon have been made in cows. 
Cannulation of the teat canal has not been employed but observation of 
the let-down phenomenon has been made by virtue of the sudden turgidity 
of the lower portion of the udder and teats or by dripping of milk. Two 
instances in which the let-down was seen during copulation are reported. 
Another, equally interesting case, in which a veterinarian provoked а 
milk let-down by the manipulations involved in making a rectal palpa- 
tion of the uterus is considered by us to be significant. Reference should 


be made to the detailed and similar observations reported by Van Demark 
and Hays (252). 
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The significance of these phenomena seems to us to be that they 
offer support to the hypothesis that in human sexual behavior—as well 
as that of the cow and certain other mammalian species—the female 
copulatory response is essentially a double entity. There appears to be 
an essential component, of the nature of a neuro-humoral reflex, involv- 
ing the oxytocie principle of the posterior hypophysis and possibly—in 
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view of the well known ovulatory response to coition in rabbits and 
other species—hormones of the anterior lobe of that gland (Figure 1). 
This results from the stimulus of erogenie zones and also psychic influ- 
ences with activation of visceral effectors through the hormone system. 
The biologically essential features of female reproduction—oestrus, sperm 
transport, ovulation, and lactation are integrated in this way—apparently 
ша single sequence of events in certain species. What is popularly 
known as the female orgasm may in whole or in part be represented by a 
vestigial male behavior pattern, with a fundamentally different organiza- 
tion. The essential responses of the male orgasm consist of erection 
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of the genitalia, the copulatory act, and a burst of motor activity of the 
musculature of the genitalia at ejaculation. That the male pattern is 
resident as a separate entity in the behavioral organization of the 
female mammal has been shown and discussed by Beach (38). Such 
behavior is commonly observed in domestic animals. That it is scarcely 
to be found in the infrahuman primates (Ford and Beach, 751) is a 
matter of interest to which we will later return. 'The immediate point 
of the discussion is that not only is the motor activity associated with 
orgasmie behavior in the human female a somewhat variable series of 
contractions of vestigial and functionless homologues of the musculature 
of the male genitalia, but there seems to be a consensus that such a 
response depends greatly upon stimulation of the clitoral homologue 
of the penis. 

The acceptance of the view that the human female orgasm is à double 
behavioral entity consisting of an essential neurohormonal reaction of 
smooth muscle organs not represented in the male and a usually con- 
current vestige of a male behavior pattern typified by contraction of 
the homologues of the muscles of ejaculation would have certain interest- 
ing and clarifying consequences. The lack of strong correlation between 
fertility and orgasm as usually defined not only in women but in domestic 
animals subject to artificial breeding would be understandable in view of 
the fact that it is the vestigial and non-essential male behavior with 
which the correlation is attempted. Тһе real female orgasm, as detected 
by milk let-down or by blood hormone levels, may well have a high 
correlation with the success of the reproductive act. It would aid in 
explaining one of the more surprising findings of reproductive behavior 
of the infrahuman primates, where any visible sign of a female orgasm 
(as usually defined) is absent (Ford and Beach, 91). Such a view 


would have implications in the fields of sociology and mental health 
which would need exploration. 
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TBIBAL AND INTERTRIBAL MARRIAGE AMONG 
THE AUSTRALIAN ABORIGINES 


BY NORMAN B. TINDALE 
South Australia Muscum, Adelaide, Australia 


INTRODUCTION 


"T paper brings together field data on the ratios of iribal to 
intertribal marriages among Australian tribes whose cultures have 
not been grossly disturbed by the effects of European contacts. Such 
data had hitherto not been gleaned for the Australian aboriginal. It 
may be important as background information for those interested in 
many different aspects of the study of human genties. Along with data 
now being collated, as to interval between generations, it may serve to 
indicate the likely general rates of transmission of genes from one group 
to another among primitive peoples at the cultural levels of Australian 
hunting peoples. 

The researches on which the paper is based were made possible by 
grants for field work from the South Australian Government, the Car- 
negie Corporation of New York, the Wenner-Gren Foundation, the Uni- 
versity of Adelaide and the South Australian Museum. 

The material was brought into focus and tested by reexamination of 
methods ete., after the 16th Expedition of the Board for Anthropological 
Research, University of Adelaide, which visited Yuendumu, Central 


Australia in August 1951. 

The paper is offered in its 
league Dr. J. B. Birdsell, who was 
expeditions, when about one-half of the data for it was gathered. 

All the genealogical data on which it is based were recorded by the 
Present writer, and have been checked with official data where such exist. 
The raw material is preserved on а series of record cards and in seven 
large folio manuscript volumes of genealogies which are lodged for per- 


present form at the request of my col- 
a fellow worker on one of the principal 
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manent preservation in the South Australian Museum by the Board for 
Anthropological Research at the University of Adelaide. 

The territories and names of tribes referred to, with one exception, 
the Wenamba, discussed herein, are shown on the map published by 
Tindale (40). 

This map in general gives an appreciation of tribal territories at the 
time of early white contacts and is approximately accurate only as reflect- 
ing conditions at a given moment of time just before disruption by 
European intereference. 


RANGE OF MOVEMENTS OF AUSTRALIAN ABORIGINES 


Epipalaeolithic hunter-tribesmen, аз typified by the Australian ab- 
original, were nomadic within a tribal area, and were closely tied to 
this territory by the continuous necessity of gathering the day’s food 
and spending the greater part of each day doing so, leaving little time 
for other activities, save at a few especially favorable seasons of the 
year. They had limited means of travel and, should they wish to move 
from their living area, faced ecological barriers and physical obstruc- 
tions as well as hostile opposition from armed owners of adjoining tribal 


territories. They suffered also psychological fears if they came to tres- 


pass on unknown territories, and when confronted with new foods they 
had not previously encountered. 


Despite their continual wanderings 
they were not widely travelled. 

Study of tribal habits Suggests that transmission of human genes 
across Australian territory probably has taken place in several ways, of 
which the following are Significant: (a) by migratory movements either 
of tribes, of hordes or of families. (b) by intermarriages followed by 
movements of individual husbands or wives of one group to the territory 
of the other, (c) rather more rarely by the movements either of couples 
who have transgressed marriage laws in one tribe or who have made 


1 ies where tribes meet for ceremonies. In 
exceptional cases casual choice or unusual opportunity has determined 
the transgression of a tribal boundary. 


The main modes of possible migration of genes are discussed below 
in more detail. 
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TRIBAL MOVEMENTS 


In the past mass tribal movements probably have occurred in Aus- 
tralia and some actually were occurring at the time of early contacts 
with Europeans. Some of the known early movements have a south- 
ward component, a few were in the diametrically opposite direction. 

The Pintubi tribe studied in this paper, in common with the Pitjand- 
jara and Jumu, have made considerable south-eastward movements, of 
the order of 50 to 100 miles during the past several generations; their 
latest shifts were initiated in 1916, after a severe drought had forced 
them to travel away from their usual territory. The Pitjandjara, for 
example, in usurping the present eastern half of their country, ambushed 
and killed many Jangkundjara. About one-half of the surviving Jang- 
kundjara shifted their living area to the vicinity of Ooldea to escape 
the Pitjandjara. Present day Pitjandjara totemie places are all west 
of the Musgrave Ranges, although one-half of the modern territory of 
the people is about that Range, and once all of it lay beyond their eastern 
boundary. Тһе Jangkundjara people whom they displaced had pre- 
viously occupied the same territory for at least several generations. 

There is evidence that the Kokata and Pangkala tribes further south 
had shown similar south-easterly movements during a period of over 
half a century, prior to 1914. llow far these movements either were 
intermittent, continuous, or even at times reversed is not known. 

The forces determining migration are not easy to ascertain, but the 
highly variable rainfall of the desert regions is an obvious cause, and 
high population pressure is evident also as a factor since in a long run 
of good seasons many children are born in the desert areas. 

The afore mentioned Pitjandjara movements do not seem to have 
been eaused by any decline in numbers, and hence of prestige and power 
of resistance, ‘of tribes-people who opposed them on the east. It is true 
that the eastern tribes, including the Kukatja, Jumu and Jangkundjara 
have been on the outer fringes of white occupation since the turn of the 
century, and therefore might be thought to have weakened. However 
the movements south-eastward seem to have been initiated before any 
disturbance patently due to white influence. 

Later day movements, due primarily to Post-European releases of 
Population pressure caused by the dying out of tribes living near to areas 
of white settlement, are well known and are to be distinguished from 
these earlier movements. Thus with the virtual disappearance of the 
Civilised Wirangu tribespeople on the West Coast of South Australia 


172 NORMAN B. TINDALE 


after 1910, the inland Kokata came to the coast about 1920, and now 
tend to regard it as their territory, even though they remember the 
desert to the North as their former home. They also have come to 
regard Port Augusta, once in Pangkala territory, as now in their coun- 
try, for the Pangkala have all died out in contact with whites. Ё 

Although it seems to us that the earlier movements were “ natural 
it is of course difficult to assess what might have been the nature of the 
tribal dislocations and disturbances due to events such as the smallpox 
epidemic which swept across Australia from coast to coast in the 188078 
and in some areas greatly reduced the population. This smallpox ері- 
demic probably was introduced by the Malays who then frequented the 
northern coasts of Australia. These Malays perhaps had done so for 
centuries. In this event it might be thought to be a “natural” or а 
* Non-European > effect on the Australian population. 

Studies in the material cultures, languages, and traditions suggest 
that in Central Australia a slow southward drift has been going оп 
over an extensive period of time, but other movements show a north- 
ward trend from the MacDonnell Ranges in the direction of the Tanami 
plain. In the cases of the Pitjandjara, Jumu, Pintubi and similar tribes 
the reality of the movements is reflected in their totemic beliefs and 
ceremonies, for many of their rites and stories have their settings 12 
places up to 100 miles west of their present places of living. Ngalia 
mythological tales show a trend; a movement towards the MacDonnell 
Ranges from the west and then one north from near Winbaruka (Blanche 
Tower) to their present locations centering on Mt. Doreen. 


EXTRA-TRIBAL MARRIAGES 


Gene flow is possible, in the absence of tribal movements, and of 
direct physical contact made by native messengers, to the extent that 
intertribal contacts and marriages take place. 

Where areas and population are comparable in size ete., extra-tribal 
marriage rates of the order of, say 5% will cause a much lower rate 
of transmission of genes than where up to say 35% of marriages may be 
extra-tribal. 

For a group of the Ngadadjara people living in the Warburton Range, 
Western Australia, as observed by the present writer, in 1935, we have @ 
record of 42 remembered marriages; yet among these people, 9 were 
extra-tribal marriages linking them to adjoining tribes. One of these 
was with a member of the Nana tribe, a neighboring group to the 
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northwest. This marriage had taken place perhaps 15 years prior to 
1935 when a Nana man had taken away a Ngadadjara woman. A meet- 
ing of these two tribes, for the first time since that event, was witnessed 
in the Warburton Range, August 1935, by members of the 11th Expedi- 
tion of the Board for Anthropological Research, University of Adelaide. 
On this occasion the Nana group chanced to come from the northwest, 
seeking water at Warupuju, having been forced thereto by drought in 
their own territory. After this interval of time ihe woman had borne 
one boy child whose tribal affiliation was hybrid although he was те- 
garded, following his father, as a Nana child. In the same Ngadadjara 
tribe there were 7 marriages with Pitjandjara and one with Mandjindja. 
On this basis just over 21% of marriages were extra-tribal. 

Among about 150 Pitjandjara encountered in the Mann Range in 
June 1933 there was one Pintubi woman whose Pitjandjara husband 
had received her by an intertribal exchange marriage. (Incidentally with 
her he had received a suite of unwanted secret ceremonial objects for 
Which he and his tribe had little use.) 

In all but one of the above instances the woman was the one whose 
area of abode had been changed by the marriage and this seems to be 
very general in Australia where, typically, marriages are patrilocal. In 
the Ngalia tribe studied in detail in the next section of this paper there 
were several instances where the reverse was the case. Matrilocal dis- 
placement of marriages have been reported as well in other places but 
they tend to be less than patrilocal ones. 

It is evident that among the Pitjandjara and Ngadadjara intertribal 
unions were not unusual events and fitted properly into their life pat- 
terns. The instances were ones which had taken place among people 
who had not been in close contact with Europeans at any time prior to 
these marriages and at the time the observations were made were still 


living their full life as Hpipalaeolithic hunters. Indeed so completely 


unaffected were they, that they still were using exclusively stone imple- 
lement cutting, 


ments for their daily work of spear making, dish and imp 
and food gathering. 

The existence of intertribal marriages therefore must be accepted as 
normal, since people who encounter each other on the margins of tribal 
territories, though often nervous in each other’s presence, apprehensive, 
and often at enmity, do engage in barter, occasionally do give women in 
intertribal marriage, and though they fight, and kill, either to hold 
their territory, or to usurp that of others, they do extend hospitality to 
those in need of water or temporary subsistence. Such courtesies might 
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be thought by some to be more characteristic of western Desert Tribes, 
but they seem also to be present in populations less subject to arid cli- 
mate vagaries. For instance among the Tanganekald of the Coorong 
in South Australia an elaborate system of allotting temporary living 
space was practiced when droughts made it necessary to share food. In 
the desert areas attitudes of hostility seem to be tempered by the knowl- 
edge that today’s owners of food and wells of water, by tomorrow, of 
necessity may be waiting on the good will of others who by reason either 
of good fortune or successfully conducted magical rites have enticed to 
their land a thundercloud full of water, and so have obtained life-giving 
rain for their hunting area. 


INTERTRIBAL MARRIAGES IN A SELECTED TRIBE—THE NGALIA 


In the Yuenduma area of Central Australia the principal tribe, now 
to be studied, is the Ngalia, one of the so-called Walpari (Walpiri, 
Alpiri, Пріта) tribes. The last named term appears to be a blanket one 
applied in the area north west of Alice Springs to several desert dwell- 
ing peoples speaking non-Aranda-type languages. 

Ngalia territory extends from just west of Cockatoo Creek westward 
to the vicinity of Konadjarai (Coonajarrai of maps), south to the salt 
marshes which run along the south side of Stuarts Bluff Range and along 
its westward extension, the Jupareri Range (a native name not yet on 
maps). The center of their territory lies at about 131° 0’ Bast Longi- 
tude by 22° 10’ South Latitude. They go also to south of Mt. Stanley 
(Karko), to Mt. Cockburn (Winatata), and to the sandhills and the 
spinifex-grass-covered sand desert country north of Mts. Singleton, 
Doreen and Hardy. The area occupied by the tribe is approximately а 
rectangle, 75 by 150 miles, comprising roughly 11,000 square miles, 
and supporting 400 aborigines. It thus furnished living areas of between 
25 and 30 square miles for each person, a relatively dense population 
when compared with other areas where there are up to 150 square miles 
per person. The country comprises a central core of mulga (Acacia 
aneura) scrub among granite ranges and a peripheral zone composed of 
sand plains covered with Є spinifex > grass (Triodia). 

The aborigines of this tribe probably saw such nineteenth century 
explorers as Warburton, who made his nineteenth camp west of Mt. 
Eclipse on May twelfth 1873, and Gosse who camped at Cockatoo Creek 
on May nineteenth 1873. Both refer to having seen clues to the exist- 
ence of natives or had brief encounters with them. Although brief visits 


— 
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were made by other explorers (e.g. by Barclay in 1911), it was not 
until well after World War I that the country began to be frequented 
by whites prospecting for precious metals. Wolfram was located by the 
late Alee Ross in August 1926 at Mt. Doreen. W. W. Braitling first 
visited Mt. Doreen in May 1926 (and later settled there in 1932). 
Shortly after Braitling’s first visit, a white man, Brookes, was killed by 
Ngalia natives (1928) and on two occasions police punitive expedition 
killed members of an eastern horde of Ngalia natives near Cockatoo 
Creek. For most of the adult Ngalia aborigines alive today their earliest 
recollections of Europeans were of contacts with Ross and with Braitling 
in 1926 or at various dates thereafter. 

The Ngalia have as northern neighbors the Walmala, another of the 
so-called Walpari tribes, whose territory embraces the desert plain extend- 
ing north west from Cockatoo Creek to the Granites and north east to 
Lander Creek. The chief present day home of the Walmala is at the 
Granites. Messrs. W. Morton and S. Sandford settled on the lower 
Lander Creek in May 1926 and two years later the Walmala natives 
made an attempt to ‘kill the former. Their adjustment to European 
Occupation commenced at about that date. 

East of Cockatoo Creek is the territory of the Anmatjera, who speak 
an Aranda type language. Because of the very considerable language 
differences, the separation between Ngalia and Anmatjera is a marked 
one. The Anmatjera first clashed with whites in an attack on the newly 
erected Barrow Creek Telegraph Station in 1874. This event is still 
remembered by one (now very aged) native who was present in the 
vicinity as a boy. After this episode they had relatively few contacts 
with whites until the first period of pastoral expansion. Their terri- 
tory was disrupted by the taking up of Conistan Station for cattle in 
1920. 

West of the Ngalia live the Wenamba or Wenanba, still (1951) not 
in direct or constant contact with whites, although some of them visited 
Ngalia territory in 1950 and a few natives, probably of this tribe or of 
the Kukuruba, were met during a recent reconnaissance of the little 
known area north of Lake Mackay by W. W. Braitling. 

Much of Ngalia territory has been opened for general pastoral settle- 
ment in the past decade, and a ration depot is established at Yuendumu 
to provide for natives whose hunting territories have been disturbed by 
the advent of cattle. The period of intense disruption of tribal life is 
therefore short; three marriages only are ones in which native law has 
been broken and only a small handful of halfeastes has been born. 
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The authority and power of the native old men is only now beginning 
to weaken, as young natives, lately educated as stockmen, begin to assert 
themselves through their superior opportunities for contact with the 
Europeans whose cattle they tend. | . 

With this background it becomes evident that it is possible io obtain 
interesting and significant data on marriages initiated prior to European 
influences and also to examine the histories of the several instances of 
departure from the more usual marriages within the tribe. | 

Original data for the group was obtained by the present writer during 
a visit to Cockatoo Creek in 1931 (7th Expedition of the Board for 
Anthropological Research, University of Adelaide), and gathering of 
data was repeated and amplified during the 16th Expedition, in August 
1951. 

Genealogies were gathered on 103 sheets. "They give some data on 
about 163 Ngalia marriages. Records of some of the marriages appeared 
independently on several different genealogical sheets; some were listed 
first in 1931 and the same data recorded again in 1951 and for still 
others information, independently gathered, appeared in an official list 
prepared at Yuendumu Station in 1946 for a Census of natives, Hence 
cross checks on data often were available. In 156 marriages for 
Which data as 21 was ascertained the following tribal relationships 
were found to exist between the marrying parties. 


LI 
TABLE 1 
Tribal and intertribal marriages 
TYPE OF MARRIAGE NUMBER OF INSTANCES 
Ngalia man married Ngalia woman 144 

Ы; б 66 Pintubi woman 1 (adjoining tribe) 
Ае il "^ — Ammatjera woman 1 { « = J 
x Ы " — Jumu woman 2 ы =j 
55 iii " — Walmala woman 1( к ey) 
“ “ “ 


Aranda woman 
Ngalia woman married Walmala man 


« « « 


1 (1 intervening tribe) 
2 (adjoining tribe) 
Pintubi man 2 ( « “ ) 


ч = “ Атапда man 


3 (1 intervening tribe) 


From these details it appears that of those who made intertribal 
marriages, Ngalia men comprised 3.2% and Ngalia woman totaled 4.5%. 
Extra-tribal marriages therefore were of the general order of 8%. On 
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this basis it would appear that Ngalia contacts with other tribes were 
relatively few. This may be accounted for by peculiarities in their 
geographical situation. Their best country is the Mt. Doreen area, a 
relatively fertile strip of granitic country with “sand soaks” in creeks 
and many rock hole waters. This good country is embraced in almost 
every direction by “spinifex” grass covered sand plains which were 
very unattractive as places of native residence and likely to discourage 
the passage of outsiders. Nevertheless it would appear that Ngalia men 
have taken other women in marriage and men of surrounding tribes, 
having obtained Ngalia women as wives have come to live permanently 
with their wives, therebye swelling the effective number of intertribal 
marriages in the Ngalia area. Of 12 intertribal marriages 8 were with 
members of adjoining tribes and in 4 instances with members of tribes 
once removed. 

The three instances noted where Aranda men of a non-contiguous 
tribe have come into the area and married Ngalia women appear old 
enough to be allowed as free from direct European influences. In each 
instance the man concerned appears to have come to the Ngalia country 
relatively early in life to escape a feud, and has remained. The mar- 
riage of the Aranda woman with a Ngalia man listed above is recent, 
and the woman has had ties with Hermannsburg Mission. However, the 
marriage seems to have occurred as a direct and logical result of one of 
the earlier series of mixed Aranda marriages and possibly would have 
taken place even if the Aranda had not come under European influences. 
If, to be on the safe side, we disallow it the percentage figure is about 
7.5% for intertribal marriages made by Ngalia people (based on the 
Observation of a total of 155 marriages). 

In addition to the simple intertribal marriages referred to above 
there was one instance where a “ Ngalia” man, himself a product of an 
earlier Ngalia man X Jumu woman marriage, wedded an Anmatjera 
Woman whom he brought to live in the territory of his father. Taking 
into consideration this anomalous instance the degree of tribal inter- 


Marriage is about 8%. 


Tn compiling the above data on marriages, three recent ones known 


to have been directly influenced by Europeans and by rapidly increas- 
Ing present day European contracts have been rejected as unsuitable for 
Inclusion, In two of the rejected instances the subjects are trusted 
Cattle station hands, Ngalia men with knowledge of English. This 
Dowledge they obtained through early attachments to Europeans by 
whom they were taken away from Ngalia country. These two men have 
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used their prestige to force ^ wrong " marriages with Ngalia girls. м 
ther details of such “ wrong " marriages are to be given in gh хөв 
paper dealing with the social organization of these papa. овет 
Ngalia 8-class marriage rules tend to allow some ngawuru qoe 
brother's daughter) marriages, there had not been any for хи = 
and these particular ones which directly flouted the old men’s | 
ments were not very acceptable to the group. The third marriage a E 
omitted from the lists is one bitterly opposed because, under сваре | 
influence and through bribery (with trade goods and food to the әнге: 
value of £10) а young Ngalia woman, promised from birth to an a er 
man, had recently (February 1950) been married to a young man. Tus 
the first church wedding among the Ngalia, transgressed their a“ 
law since a Tjungarai man had married a Nakamara woman, * e, bad 
taken to wife a person who stands in the relationship of * father's БЫ 
These three marriages are the main ones which have transgressed 
native sentiment and the consummation of one of them has been blamed 
for several grudge killings, including an affair of April 1951 when two 
natives lost their lives and about 40% of the native population left the 
vicinity of the Government Station and had not returned at the end of 
4 months after the fracas. 
Since marriages among Ше Ngalia are in general arranged while 
the girl is still in infancy, or may even be arranged prior to birth of а 
child, on a contingent basis, even the most recent marriages, other than 
these three cases, reflect the normal practice of the natives before being 


subject to European influences, and there can be little hesitation about 
their acceptance. 


Data on an additional 4 marri 
or for partial lack of tribal data. 


It was very difficult to obtain information about anyone who is dead. 
Ngalia people seem less inclined to talk of the dead or to recall their 
names than any other Australian tribes-people encountered by the present 
author. The suppression of references to deceased ones is so complete 
as quickly to destroy remembrance of details of marriages ete. Hence, 
in this Ngalia study, data could not readily be obtained for previous 
generations sufficiently far back to test whether or not there might have 
been any changes in rates of inter-marriages with passage of time. All 


the data therefore has been pooled to obtain the information summarized 
in preceding paragraphs. 


ages had to be omitted either for lack 
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DATA FROM THE HARVARD-ADELAIDE UNIVERSITIES ANTHROPOLOGICAL 
EXPEDITION 1938-1939 


| Data on tribal and intertribal marriages of full-blooded aborigines 
in some degree comparable with that for the Ngalia, are contained in 
the genealogies of native families recorded by several earlier expeditions 
of the Board for Anthropological Research with which the present writer 
has worked, although it was not specifically gathered with the intention 
of recording this particular facet of native life. 

During the Harvard and Adelaide Universities Anthropological Ex- 
pedition 1938-1939, a very large amount of data was obtained during 
studies in 5 States. This Expedition worked chiefly among detribalized 
remnants of peoples, but information was gathered on some marriages 
initiated prior to disturbances due to advent of Europeans. When 
tabulated these have yielded some useful information. 


LIMITATIONS OF THE 1938-1939 DATA 


Since knowledge of exact dates for such marriages usually are absent 
and the actual time of first contacts is known only broadly for each 
area, the data are not as exact as might be desired and subjective judg- 
ments may һауе gone into the assessments of some borderline cases. 

Cases where the woman whose marriage was being considered had 
borne full-blooded children (prior to having had one by a European) 
Were usually not difficult to assess for inclusion in the data for the 
birth of halfcastes takes place principally in the first few years of direct 
contact with whites, If the circumstances indicated the marriage had 


indeed taken place prior to any period of systematic contact between 


the aboriginal group and whites, the data on the marriage were taken 


into account. For some areas marriages of as late dates as the 1920% 
and 1930’s could safely be included, whereas in others (for example 
Parts of South Queensland), marriages after about 1850 had to be 
excluded. For South Eastern Australia, therefore, there is not as much 
information as desirable and in much of New South Wales and Victoria 


little useful material was forthcoming. 

In tabulating intertribal marriages patrilocal residence has been 
assumed except where there is data indicating the contrary. This may 
have led to a few anomalies in the setting out of the tables. As an 
example the details for the Idindji tribe show few intertribal marriages 
Since few woman were imported into the tribe. However for the Mamu, 
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Ngatjan and Gulngai tribes relatively numerous intertribal marriages 
with Idindji women are recorded since Idindji women did go to live 
among these tribes. The discrepancies may be more apparent than real. 
In this particular instance it is difficult to assess how far the situation 
might have been caused by early day clashes between the Queensland 
native police and Idindji coastal aborigines. In the “bad days ” of 
the 1890’s there was much killing off of male natives during Native 
Police raids in coastal areas not settled by whites. Surviving women 
may have gone inland in marriage. On other evidence it is known that 
intertribal marriages were common in this particular area and were 
sometimes due to the stealing of women from one group by another and 
the disparity in numbers may be due to the greater advantage held by 
mountain people over those confined to a sand-beach and coastal plain, 
as described to me by some Kongkandji men. | 

Intertribal marriages which are directly due to European disruption 
usually begin when aboriginal men, in contact with Europeans and 
trained as stockmen or police-trackers, take women of tribes in less 
contact with whites. Police-trackers, stockmen, and in the early days 
of Queensland, native police, were the initiators of this Post-European 
contact type of intertribal marriage. 

A good example observed during the 1938-1939 study is that of а 
Nangatadjara man, 44 years of age, at Laverton, Western Australia 
who had worked with whites for 13-14 years prior to 1939. His history 
shows that about 1930 he took as wife a Ngadadjara woman of one of 
the southern hordes of that tribe. At this time the main body of 
Ngadadjara were just coming to be known to whites but were not in 
close contact with them. Earlier than this the two tribes had not had 
intermarriages. 

Changes in the marriage pattern among disrupted tribes is exempli- 
fied by the crop of intertribal marriages which took place after 1935 
When the above mentioned Ngadadjara, having found their way into 
Laverton township, freely gave their womenfolk to men of Europeanized 
tribes, including some natives who had, for years, been in contact with 
white men on the Kalgoorlie Goldfields. 


TRIBAL AND INTERTRIBAL MARRIAGES—THE 1938-1939 DATA 


In the following paragraphs the lists of tribal and intertribal mar- 
riages given in the appendix are arbitrarily grouped into several blocks. 
The areas chosen are those used by us in some other analyses of data 
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on the Harvard-Adelaide Universities Anthropological Expedition and 
their general distribution is as shown in figure 1. 

Taken tribe by tribe these marriage records may not, because of 
their limited numbers, give a good picture but when gathered into large 
blocks of tribes they seem to yield a clearer one, and taken together do 
give some idea of the intertribal marriage opportunities afforded mem- 
bers of some Australian tribes. 


ALYSING 1938-1939 DATA ON INTER-TRIBAL 


Fig. 1. Six AREAS USED IN AN. 
MARRIAGES. 


Of the listed 101 marriages in the Negritic Block of Barrinean peo- 
Ples as defined by Birdsell (249) only one chanced to be contracted 
outside the Central Negritic Block and this between a Barbarian man 
ae a Muluritji — (Á one of the но За tribes whose terri- 
ory joins hi ecment of boundary. 

Ta the азни. ro adjoining Semi-Negritie tribe Blocks, of 150 
marriages only one was outside the block and this was a marriage be- 
tween а Wakaman man and a Kutjal woman (Carpentarian Block). 
Their tribal territories adjoin on a broad line. 
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i rali Кв 
Between the Carpentarian and South Eastern Australian юэ Я 
= т- 
which do not join together over any large length of boundary, no E^ 
Е і У rriages г ne 
marriages were recorded in a total of 180 marriages. Between F 
i i У rri "er ord 
Carpentarian and Central Blocks also intermarriages were not rec 9 
in 102 listed marriages. Since the usual intertribal marriage is dd 
101111 1 “+ - ri гае 
tween adjoining tribes or at most the next but one the lack of recor 


i inki i гету significant. 
marriages linking these blocks cannot be said to be very significar 


TABLE 2 


Tribal and intertribal marriages 


EXTRA-  ADJOIN- ONE TWO % EXTRA- 
TRIBAL TRIBAL ING TRIBE TRIBES TRIBAL 
AREAS MARRIAGES MARRIAGES TRIBES REMOVED REMOVED MARRIAGES 
Whole of data 346 56 50 3 2 № _ 
1 South Western 
tribes 80 10 10 11 
2 South Eastern 
tribes 59 6 5 1 9 
3 Negritie and ad- 
joining tribes 119 31 27 2 2 21 
3a Central Negritic 
tribes without 
adjoining tribes 81 20 18 1 1 20 
4 Carpentarian 
tribes 80 1 1 8 
5 Central tribes 8 2 2 20 
6 North Western 
tribes not sufficient data 


In the Central Australian Block, of 10 marriages, two were outside 
the area, one with the South Eastern and one with the South Western 
Blocks but the information available on these blocks in the Harvard- 
Adelaide University Anthropological Expedition results is largely for 
peripheral groups in Queensland and is insufficient alone to furnish 
sound data although it hints that the known trade routes running іп 2 
southwesterly direction through eastern Central Australia may have сат- 
ried human genes as well as transmitting shell ornaments and stone-2xe- 
blades. 

To augment the scant data available for the Central area the fol- 
lowing additional data fortunately are available. 


о ЗЕЕ 
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TRIBAL AND INTERTRIBAL MARRIAGES—CENTRAL AUSTRALIAN DATA 


1930-1932 


The present writer, during the 6th, 7th and Sth Expeditions of the 
Board for Anthropological Research in 1930, 1931 and 1932 gathered 
data on tribal and intertribal marriages among 8 Central Australian 
tribes. The information came during the routine registration of the 
aborigines for the taking of anthropometric measurements. 

АП these tribes are in the “Central Tribes” area of the Harvard- 
Adelaide Expedition study, and give data for an area in which that 
Series was weak. 


TABLE 3 


Tribal and intertribal marriages 


Se 


ONE TWO $ EXTRA- 


EXTRA-  ADJOIN- 
TRIBE TRIBES TRIBAL 


TRIBAL TRIBAL ING 
CENTRAL TRIBES MARRIAGES MARRIAGES TRIBE REMOVED REMOVED MARRIAGES 
(a) Iliaura 34 3 3 8 
(b) Anmatjera 26 5 4 (1 complex; 16 
see text) 
(c) Aranda 4 3 3 data incomplete 
(d) Walmala 30 2 1 1 6 
(e) Jumu 3 2 2 data incomplete 
(f) Kukatja 3 2 ° data incomplete 
(g) Ngalia 16 2 2 11 
Whole of above 134 22 18 4 (one is com- 14 
plex). 
Above (excluding 
Aranda, Jumu, and 
Kukatja three 
tribes with in- 
complete data) 124 15 13 2 (one is com- 1 
plex). 
Groups speaking 
Aranda type 
language (a,b, с, d) 94 13 11 2 (опе ів com- 12 
plex). 
оша speaking 
andj 9 
Jandjara type " 18 


languages (e,f,g,h) 40 9 
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The Ngalia listed here are in part the same subjects as appear т 
the first part of this study and represent an independently gathered set 
of data serving as a general cross-check on the results of that study. 

The Iliaura listed in the above table form a compact tribal group 
whose only three extra-tribal marriages were with Aranda and these 
were confined to one Aranda family line, the Iliaura having supplied 
wives for at least two successive generations of one eastern Aranda family 
group. The data for the Hiaura are highly significant. 

The Aranda data are not complete enough to be significant since some 
of the main groups are virtually extinct, and at the time of the study 
only marginal groups on the borders of other tribes were alive to speak. 

For the Anmatjera the data are sound. One very interesting case 
was encountered where an old Anmatjera man was married to a woman 
who spoke Anmatjera, having been reared as one, but her parents had 
been Kukatja and Ngalia. This was an early intertribal marriage; it 
long antedates the main period of European contact. A further inter- 
tribal marriage oceurred in the following generation in the same family 
line. 

A rather different case is that of an Anmatjera man, now old, who 
in his youth left his tribe and lived as a Walmala. His wife in this 
case was an Aranda woman. Apparently he had stolen her, fled his 
country, and lived to rear a family. Kukatja and Aranda people and 
in later years and to a lesser extent the Anmatjera have been influenced 
by Hermannsburg Mission. Hence this case may not be as free of white 
man's influence as appears at first sight. 

European contacts can be entirely ruled out as factors influencing 
the data for the Walmala, Jumu, Ngalia and Pintubi tribes since these 
tribes had only lately encountered white men, other than explorers, at 
the time the study was made. 

One Pintubi intertribal marriage, with a woman of the Wenamba 
tribe, is of particular interest, People ої the last named tribe live 10 
the west of the Pintubi and were not (even in 1951) in known close 
contact with Europeans. When the data were being gathered the Pintubi 
themselves were not under any European influences, In actual fact not 
even the proper name of the Wenamba tribe was known till 1951. 

One Pintubi intertribal marriage, with a Pitjandjara woman, ар“ 
pears to be a counterpart of the Pitjandjara exchange marriage with & 
Pintubi woman noted during the 1933 Expedition in the Mann Range 
In that instance a Pitjandjara man was recorded as having obtained 3n 
marriage a Pintubi woman plus her “unwanted” store of wooden 
tjurunga, which it was her husband's duty to care for and secrete from 
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her. Both these alliances took place beyond any area of even remote 
European influences; any contacts they had had being confined to 
ephemeral ones during the passage of explorers through their country. 

The data for the Jumu, being based on eastern marginal hordes 
only, is probably not fully representative. The two listed Jumu inter- 
tribal marriages are in successive generations and are connected, the 
cireumstances being known. А Jumu man married a Ngalia woman. 
His son married a Kukatja. In this son’s progeny there are thus repre- 
sented Ngalia, Липи and Kukatja genes. АП the listed Jumu mar- 
riages сап be regarded as free of European influences since the Jumu 
Were much later than other tribes in coming into contact with Her- 
mannsburg Mission. Incidentally, as showing the changes wrought by 
the impact of our white civilization, it is to be noted that one of the 
male descendants of the above “three-tribes-union” is now (1951) а 
cattle hand at Marree, living habitually 500 miles to the southeast of 
his father’s country. 

CONCLUSIONS 


: Drawing together the threads of the three groups of studies it seems 
evident that there are grounds for assuming that about 15% of Aus- 
ansgress tribal boundaries and thus 


tralian aboriginal marriages may tri 
t also new dialect and language 


шау introduce not only new genes bu 
forms, as well as any cultural items which have not chanced to spread 
More rapidly as the result of culture contact, copying and imitation. 
The significance of such opportunities for slow and perhaps inexor- 
able spread of human genes must be evident to all and may suggest 
that no primitive human group when in physical contact with another 
can remain to itself, unchanged, however conservative it may try to be. 
There is no inherent reason why, given time, any attribute associated 
with Homo sapiens may not spread to all. 
Р» One may recall that over the vastness of time represented by a 
Mindel” or a “Riss Ice Age” or by a ^ Great Interglacial? the 
making of more than one type of coup-de-poing and blade implement 
Seems to have spread from the tip of Africa to the top of Europe perhaps 
not once but several times. Doubtless human genes do the same, but 
More slowly. 
yE A 15% intertribal marriage rate 
8%. Since Australia is about 12 to 15 
South direction and 25 tribes long іп an 6 
ний Physical differences in various parts of th 
беп affected very quickly. 


means a maximum gene flow of 
tribal areas wide in a north to 
ast to west direction the evi- 
e continent have not 
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SUMMARY 


This paper arrives at the conclusion that among the Australian abori- 
gines about 15% of marriages are intertribal. In a series of large 
blocks of tribes the percentages of recorded intertribal marriages range 
from about 7% to 21%. 

On the available data the rate of intertribal marriages happens to 
be high (20%) within a block embracing the Atherton Tableland in 
Queensland, where the Barrinean (Tasmanoid or Negritoid) peoples 
predominate. It is much lower (about 1096) among the Southern 
coastal tribes of typically Murrayian stock and is around 15% ove? 
much of Central Australia although in the Ngalia tribal area, studied 
in greatest detail, it stands lower (at about 8%). For the Carpentarian 
areas of the North relatively meager data implies intertribal marriages 
of the order of 8%. 


Evidence is offered for the general validity of the data presented and 
the conclusions reached. 

The data as a whole are based on analyses of about 760 marriages 
among fullbloods where the accompanying information indicated the 
probability that the marriage was free from disruptive European 
influences. 

Physical anthropologists working on genetics need information 00 
the factors influencing human population structure. The hunting ап 
food gathering people of Australia tend to live in tribal units with 
breeding communities of the general order of 150 to 600 individuals. 
Populations of this size seem sufficiently small to suggest the poss} 
bilities of the occurrence of random genetic drift, which may be pre- 
sumed to occur if the rates of selection are not too high and if the 
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rate of gene exchange between the breeding communities is low. It 
would seem important therefore to understand the degree of intergroup 
contact that may exist among the various tribes. 
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APPENDIX 


LIST OF TRIBAL AND INTERTRIBAL MARRIAGES, AS RECORDED BY 
HARVARD-ADELAIDE UNIVERSITIES ANTHROPOLOGICAL EXPEDITION. 


ааа 


TRIBAL 


TRIBE MARRIAGES INTERTRIBAL MARRIAGES 


1 SOUTH Western TRIBES 
Wudjari 6 
Minang 2 
Koreng 1 
Kalamai 6 
Widi 1 
Ngaluma 1 
Kalarko 1 | 
Ngadjunma 11 Mirning (adjoining tribe) 

Kalarko (adjoining tribe) 

Tjeraridjal (adjoining tribe) 


-- 


- 


Waljen 
Murunitja 
"'jeraridjal 
Wirangu 
Mirning 
Tjalkadjara 


Ngadjunma (adjoining tribe) 


ло жюню = 
- 


Nangatadjara (adjoining tribe) (linked in with 
pushing of Tjalkadjara tribe westwards from Dar- 
lot ¢ 1880-90 by Nangatadjara) 


ii joining tribe) 
Wongaii (adjoining | А 
РА Mandjindja jn successive generations; both prior 
pean influence (adjoining tribes) 


- 
- 


- 


Nangatadjara 14 


to Euro DES й 
Mandjindja 9 1 Nangatadjara (adjoining tribe) 
Хрададјата. 7 
Ngalea 1 | | 
Kokata 6 1 Ngalea (adjoining tribe) 
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TRIBAL 
TRIBE MARRIAGES, INTERTRIBAL MARRIAGES 


2 бости EASTERN TRIBES 

Dainggata 1 

Kumbainggiri 1 

Kunggari 14 1 Mandandanji (adjoining tribe) 

Koamu 3 

Batjala 2 

Korenggoreng 3 

Kangulu 3 
Ngoera 1 Wakawaka (adjoining tribe) 
Darambal 1 
Wakawaka 3 
Kabikabi 1 
Pitjara 1 
Kairi 1 Wadja (separated by 1 tribe, the Kangulu) 
Ngaro 
Wiri 4 1 Jangga (adjoining tribe) 

2 Biria (adjoining tribe) 

Biria 
Kutjala 
Barada 
Jirandali 
Kalali 
Kalkadung 
Ringu ringu 
Maljangapa 
Marukanji 
Karuwali 
Kuungkari 
Koa 


mom on nm n a RO mm 


3 NEGRITIC AND ADJOINING TRIBES 
Wulgurukaba 2 


Warkamai T 
Keramai 9 3 Gulngai (adjoining tribe) Warkamai (adjoining 
tribe) 
Nawagi 3 l Mamu (not contiguous tribes but both rain-forest 
peoples) 
2 Djiru (adjoining island tribe) 
Djirubal 7 1 Ngatjan (adjoining tribe) 
4 Gulngai (adjoining tribe) 
Ngatjan 4 5 Djirubal, Мати, Idindji (all adjoining tribes) 
Mamu 9 2 Idindji, Gulngai (adjonining tribes) 
Gulngai 4 1 Djirubal (adjoining tribe) 


Я 
~ 
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TRIBAL | 
TRIBE MARRIAGES INTERTRIBAL MARRIAGES 
indji iguous 
joini d Idindji not contiguo 
ji 2 Mamu adjoining an 
Djiru 3 2 Mi 


(periods 1890-1895) - 
= жире жилы ү, 
шад 2 2 Ngatjan (adjoining ) | 
MS й 1 Djirubal (separated by Ngatjan tribe) 


Wanjuru 2 

Kongkandji 15 А — Р 

тій 17 1 Buluwai (adjoining tribe) 

Se es К 1 Muluritji (adjoining tribe, linked on small seg- 
arbaram а 


ment of boundary) 


Trukandji 1 Tjapukai (adjoining эхн? 
Xokobididji Jungkurara (adjoining с " 
ем - i ан (not adjoining tribe, separated by Wal 
Agwamin 2 arba 
| атап tribe) 
Kokojelandji 3 — 
^ ljoining tribe 
цэ ы i а be |ж же tribe) fathers’s father was of 
араг T "m жч? 
need Muluritji X Tjapukai origin 
Kokobujundji 1 
Walpura юэ . 
билээ: 2 1 Kutjal (adjoining tribe) 


4 CARPENTARIAN TRIBES 
Koko Imudji 
Koko Jawa 
Bakanambia 
Wanji 
Ngaun 
Kukatji 
Jokula 


Maikudung (adjoining tribe) 


- 


ат 
Lardiil 
Kokomini 
Tagalag 
Walagama 
Araba 
| Kunggara 
| Konanin 
Wikmunkan 
Wikngatara 
Ombila 3 
Kandju 13 


Maikulung (adjoining tribe) 


“во m TO co Db сг... 
то 


Wikmunkan (adjoining tribe) 

Kandju (adjoining tribe) ee 

Ombila and Aija batha (adjoining tr: 
mbi 


wee 
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TRIBAL 
TRIBE MARRIAGES INTERTRIBAL MARRIAGES 
Ankamuti 1 
Winduwinda 2 
Pakadji 1 
Ngundjan 3 
Olkulo 1 


a 


Pitjandjara 
Waramanga 


Jangkundjara 


Antakirinja 
Aranda 
Wakaia 


Ngalia 


CENTRAL TRIBES 


1 Ngadadjara (adjoining tribe) 


1 Kalkadung (adjoining tribe with very limited com- 
mon boundary) 


0 NORTH WESTERN TRIBES 


Njikena. 


1 


-—— 
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DEMOGRAPHIC PATTERNS IN THE PAPAGO 
INDIAN VILLAGE OF CHUICHU, ARIZONA 


BY CHARLES F. JONES 


Yale University, New Haven, Connecticut 


INTRODUCTION 


URING the summer of 1952 an ecological study was conducted in 
J the village of Chuichu, Arizona, a community of 223 inhabitants 
situated some 60 miles south of Phoenix on the northern edge of the 
Papago Indian reservation. Since the demographic material seemed to 
have intrinsic value, it is presented here for comparative purposes. 
Where feasible, statistical tests have been applied; where not, the find- 
ings are presented as they stand for use by those concerned with groups 


of similar size. 
VILLAGE POPULATION 


The most accurate count of Papagos living on reservations was 
made in 1942 when war ration books were issued. At that time 6,494 
were enumerated, In 1910 and 1930, the Bureau of the Census listed 
3,798 and 5,205 respectively. The most recent estimate of 7,377, as of 
1980, comes from House Report No. 2503 (82nd Congress, 2nd Session, 
52). These 4 figures over the past 40 years indicate a 9896 tribal 
inerease, or an annual rate of about 1.7%. 

For the village of Chuichu, the 1942 ration count revealed 136, 
although the proportion of the total year these people actually lived in 
the village is not known. In 1952, the writer counted 223 people all of 
whom had been residents for 6 months or more of the preceding year. 
Of the 48 married couples making UP this population, 26 had spent the 
entire time at home, 15 had been employed away from the village for 
One to three months, and 7 had had outside employment from 4 to 6 
months, ? 


The federal census defines the family as two or more persons related 
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by blood, marriage, or adoption residing together; and the aen 
family as the head of household together with all others. in the ho в 
related to him. Since no unrelated persons were living in Buy unes 
hold in Chuichu either in 1942 or in 1952, the words * family," A 
mary family," and * household," ean be used interchangeably. In а 
6 households contained widowed grandparents, and 5 contained rela = 
persons other than sons, daughters, and their children. In 1952, аре 
grandparents were present in two households other than their own, white 
5 households contained relatives other than sons, daughters, and са 
children. Blood relationships and marriage connections from householt 
to household were quite similar, unlike the varied character of асай 
hold composition found by Beaglehole (735) in 1934 census data from 
two comparably-sized Hopi Indian villages. There has also been а 
growing tendency for Papago households to contain only two ganeration 
rather than the traditional three, a trend noted by Joseph, Spicer, anc 
Chesky (249) in certain other parts of the reservation. M" 

With the 1942 and 1952 population figures às a basis, some indica- 
tion of the demographic situation in Chuichu is possible. During the 
decade, the rapid growth of the village stands out. Fifty-two people 
have migrated from other communities : 


new households (6) 36 
new wives 8 
new husbands 3 
divorced woman and son 2 
grandmother 1 
orphaned niece 1 
adult daughter 1 

52 


Including the offspring of these new families since their immigration, 
69 children have been born since 1942, making the total gross popula- 
tion increase 121. Over these same years, there have been 29 deaths 
and 5 emigrations. Thus, the net increase has been 87, or 64%, 21 
average increase per annum of 5.2%. Part of this increase is a тейес- 
tion of a high number of recent marriages. Between 1942 and 1950 


there were 5, and since 1950 there have been 7. All but one of these 
unions brought a new individual to Chuichu. 


3 Норі social structure is oriented in the female line. Typically, husbands 


reside in the household circle of the wife's family. The opposite is generally true 
in Papago society. 
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"HELL. 22. цеп, there have been 56 known changes of resi- 
тш oe " у ^ ly ee have occurred. These shifts have been 
Herr и m 5 АЕ leaving their children ina relative’s care while 
ко ки a "p M wage work, by periodie reshufiling of households to 
iced й - iving problems, by three divorces, and one new mar- 
{ 10 village. 

Ys бул Пано was аа m ín persons per house. 
ac Е : у я 5 о hese шш 8 De Дү 15 new ones 
сотчан 1 iat 42 existed in 1932, averaging 5.31 persons each. 

2 nousehold at present is almost identical with the tribal 


esti EE 
mate of 5.3 made by the Secretary of the Interior in 1949, but 


biologie: А а Б 
Ogieal family size is smaller: 4.1. Of the 27 households intact 
5 remained stationary, and 


thror а 
17 ширний the period, 5 declined in size, 5 
лет : : : 
mi reased. At the present time there is a concentration around the 
ber of 5 per ну 7 
г of 5 per household. Individual homes range 1n size from one to 


18, | y di р 
but only 7 contained more than 7 people, and only 6 contained less 


than three.? 

the crag the birth dates of the children born since 1942 are known, 
Thus eu ates of those dying between 1942 and 1950 are unknown. 
1 949. И hs birth and death rates must rest partly on estimation. The 
Бате ем ation, less emigration since that year, reveals 131 people who 
group 31 ш Chuichu continuously between 1942 and 1950. To this 
15. д. ттары were born, and of it 16 died, making the net increase 
їп ын. | this information, birth and death rates have been computed 
period з for ‘the Т-уеат period, 1942-1949, and for the three-year 
бошу 950-1952, during which time both birth and death dates were 


TABLE 1 


Crude birth and death rates 


BIRTH RATE NO. OF DEATH RATE 


YEAR VILLAGE NO. OF 
POPULATION BIRTHS PER 1000 pEATHS PER 1000 
1 
mee (average) 131 44 33.8 23 17.6 
Tribal 52 (average) 201 67 33.3 3.0 14.4 
8 rate (1942) 42.3 32.3 
+ S. rate (1950) 23.5 9.6 


1934, household size was consider- 


“Та : 
Beaglehole’s census among the Hopi іп 
tration in the size of individual 


ably 1 
ouseholda, (6.5), and there was little concen 
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From the foregoing, it will be seen that both birth and death rates 
for the village are lower than for the tribe, and that the death эн 
especially is moving away from any similarity. Whether the мин 
pattern in the last 10 years has changed in like manner 18 not M 
ТЕ is not possible with the information available to determine life 
expectancy in the village. For the tribe, based on an estimation of the 
number of infants born and the proportion still living at later Ээ 
life expectancy in 1942 was considered to be 17 years (Department 0 
the Interior, 49). Infant and child mortality are recognized to be 
high, and if the total number of deaths of infants in the first few weeks 
of life were accurately known, the life span might have been even lower. 
In Chuichu, the average age at death in the past 10 years was 37.7 
years, but there is lack of concentration around this figure. If the 
Papago survives adolescence, he is likely to live a good long time. I" 
fact, the number of old people is remarkably high. Six of the deaths 
in the village in the last 10 years were of people presumably over 80. 
Now present in Chuichu are 13 people who are probably at least 70 
years of age. Deaths in the middle years appear to be heavier for me? 
than for women partly the result of accidents incident to occupation. 


TABLE 2 


Ages at death (1942-1952) 


AGE хо. PER CENT 
under 5 9 31.0 
5-9 2 6.9 
10-14 2 6.9 
15-19 2 6.9 
20-65 3 10.4 
over 65 11 37.9 


Another peculiarity in the birth and death pattern in the village 
has been the prevailing sex ratio. The small sample and the lack © 
information on deaths in the early stages of post-natal life make the sex 
variance of little significance but of enough interest to suggest further 
investigation on a wider scale. 


The village comprises quite a young group although the fertility 
rate appears to be dropping. 


D 
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TABLE 3 


Бет ratio of births and deaths 
(figures based on table 1) 


MALE FEMALE 


Births: (1942-1949) 15 16 
(1950-1952) 8 12 

Child deaths (1942-1949) 1 4 
under 5: (1950-1952) 0 4 
АП deaths: (1942-1949) 4 12 
2 7 


TABLE 4 


Fertility rates 


WOMEN CHILDREN FERTILITY RATE 


(15-49) (UNDER) (PER CENT) 
Chuichu (1952) 60 31 51.7 
Chuichu (1942) 85 19 54.8 
Tribe (1942) 1,481 863 58.3 
U. S. (1950): 38,552 16,324 42.3 


а Р "TOS 
reliminary estimate (in thousands) 


TABLE 5 


Population by age groups (in per cent) 


VILLAGE VILLAGE TRIBE UNITED STATES 


AGE 1952 1942 1942 1950 
0-19 47.9 38.5 46.5 34.4 
20-39 26.0 37.8 29.9 30.6 
40-59 17.8 10.4 13.8 22.9 
60-оуег 8.3 13.3 9.8 12.1 
100.0 100.0 
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The age distribution of the 1952 Chuichu population follows =. ыы 
pattern quite closely, but both groups are different from the vi к ~ 
1942 and from the present distribution for the United States as a whole 

On the basis of the distribution in the above age groupings for a 
United States in 1950 and 1940, expected frequencies were computed. 
These were compared with the village and tribal observations, and the 
Chi-square test applied. For the groups as a whole for three Зэрсэн 
of freedom, the values for both tribe and village (1949 and 1952) eji 
significant at the one per cent level. Combining the cases for the мэ 
lage in the two census years and repeating the test revealed significan 
variance in the two samples at the two per cent level. Although the 
1952 village was not found to be significantly different from the tribe, 
the 1942 village is significant at the 5% level. An attempt was also 
made to ascertain if the current age distribution of the tribe and village 
matched any past U. S. census year between 1850 and 1950. For the 
village in 1952 and for the tribe, the closest resemblances occurred with 
1880 through 1910.2 No causes for this were established, but certain 
factors in the U. S. population such as the inclusion of former slaves 
with the white population after 1860 and high immigration during шаа! 
years may have some bearing. The 1949 village distribution show? 
no discernible pattern compared with past U. 8. census years. 

The median age in Chuichu has been dropping and, in 1952, corre" 
sponded to the United States median of 1890. 


TABLE 6 


Median age 


YEAR VILLAGE TRIBE UNITED STATES 


30.1 (1950) 
28.9 (1940) 


As in the U. S. population, the median age for males in both нэ 
lage and tribe is slightly higher than for females, Due to the long Т. 
of life of many of the villagers, once adolescence is survived, mean 28 
is closer to the present United States mean than to the median. 


e ited 

? Although the village values were not significantly different from total Uni ar 
States figures for these years, tribal values were still significant at the one Р 
cent level, and the village and tribe followed trends similar to each other- 
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íx br sex ratio by broad age groupings, particularly for the village, 
8 to reverse the pattern prevailing in the U. S. as a whole. Among 
n under 40, females outnumber males, but over 40 the opposite is 
e. 
TABLE 7 


Mean age 


YEAR VILLAGE ТЕШЕ UNITED STATES 


31.1 (1950) 
29.6 (1940) 


1952 26.9 


1942 28.8 


TABLE 8 


Sex ratio by age groups (in per cent) 


VILLAGE 1952 VILLAGE 1942 TRIBE 1942 UNITED STATES 1950 
AGE Male Female Male Female Male Female Male Female 
„0-19 aso 514 500 500 408 508 505 49.5 
20-39 дәр 579 411 50.1 400 489 511 
40-59 — 564 436 043 535 465 49.8 502 
42.7 47.8 52.2 


SO-over — Gli 389 500 е у 57.3 
ы БИ ШЕ R NE M ы. —= 
Again on the basis of the sex divisions in each age group for the 
m States in 1950 and 1940, expected frequencies were computed 
‘hi compared with the observed in both the village and tribe. The 
of "igi i test was then made. For the groups as à whole for 4 degrees 
lev ; n the values for the tribe were significant at the one per cent 
el. The values for the village in both 1952 and 1942, however, fell 


"ii of the 5% level. As with age distribution, the tribal sex division 
psp closely matehed the U. S. in the census years 1880 through 1910, 
On the other 


rut the values were still significant at the 5% level. 


ай, Village sex division followed no pattern of close resemblance to 


a ШИ” 
ПУ past U, 8, census year, but the values were not significant. 


е MR down by size of biological family, the village sample be- 
hmi, eee small, but if the figures are indicative, the average 
"m Y size is surprisingly low, weighted in part by the large proportion 
Ж a marriages. In only 5 families were there 5 or more children 
"m With their parents, the highest number being 7. Тһе figures, 
ееп p. may not represent all children under 21 since some may have 

ving with relatives away from the village. In the case of some 
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families, there are gaps of as much as 10 years between the ages of 
children, indicating high mortality in the early years of life. 


TABLE 9 


Size of family 


CHILDREN 1942 1942 FAMILIES ALL 1952 
UNDER 21 FAMILIES PRESENT IN 1952 FAMILIES 
No. % Хо. % Хо. % 

none 8 25.0 8 27.6 12 25.0 

1 7 219 3 10.3 12 25.0 

2 12 375 5 112 6 12.5 

3 5 15.6 3 103 5 104 

4 6 20.6 8 16.6 

5 1 3.5 1 21 

6 2 70 з 6.3 

7 1 3.5 4. 21 

32 100.0 29 100.0 48 100.0 


Marriage is the normal state for adult Papagos, but Chuichu appears ы 
have a relatively high proportion of unattached people. Of those 21 07 
over, 20.2% were unattached in 1952. 

Male Female 


Single (21 or over) 4 8 
Divorced 1 4 
Widowed (all over 50) 3 2 


The reliability of the birth dates of the Chuichu population should 
be mentioned. Although Papagos are familiar with relative 8068 ae 
kinship terms and behavior patterns have been linked to them (Josephs 
Spicer, and Chesky, 749), exact ages have had little cultural significante? 
Now, of course, under the influence of school rolls, the wat consi 
taking, and old-age benefits, the knowledge of proper ages has becom! 
useful and necessary for these people. In Chuichu the transition 3 
well along, but it will be at least another generation before birth 
become accurately known for all ages. When ration books Were 16500 
in 1942, the government made an effort to determine birth dates. 
the summer of 1952, the writer checked school rolls and question” | 
people as to their ages. With these various sources of information; 88. 


E > s ев; 
check on age accuracy was possible. If age checked in two or more cas 
it was considered correct. 
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TABLE 10 


Age accuracy 


AGE CORRECT INCORRECT DON'T KNOW 
under 21 110 2 0 
21-39 12 23 15 
40-оуег 18 32 14 
Don't know * 0 0 2 


ie 3b 4 « 
Don't know " means that only one or no sources of information were 


available. 


From the preceding, it can be seen that by far the greatest accuracy 
иу among those under 21 years of age. Of those apparently mis- 
th ing their ages, where recheck was possible, the standard deviation of 
5 distribution of misstatements was 4.25 years, with a mean of — .035 
of a year, 
DISCUSSION 
now residing in the village 


There is no doubt that more people are 
rge extent, the influx from 


is md time in recent years. To a la 
tor Бу areas and the high proportion of new marriages can be accounted 
вар н. Improved economic conditions. Favorable underground water 
Жу. У for irrigation farming, successful cotton crops harvested coopera- 
ан. in the past several years, increased income from rental ої pas- 
ШШ and the convenient location of the village to surrounding Arizona 
5 ita Where wage work can be secured, have all helped to give Chuichu 
me MUR as a promising place in which to live. 

бе ЯН long-standing migratory pattern of Papagos, however, may mean 
Who h is relatively large population increase 18 only temporary. Families 
"i ave come from surrounding communities undoubtedly hold land 
fact "n Still continue to graze cattle near their former homes; but the 
0 at these families, who have swelled Chuichu nearly 25%, hold . 
nly 5% of the local land, seems to indicate that the possibility of a 


igher standard of living has drawn them there. On the other hand, 


a 5 
П of the new families in the village ате closely related in some way 


s existing population. Unrelated people still do not move easily 
the іч Papago village, пог do those in а village readily leave. Thus, 
tu Због of close inter-family relationship may act as a check on 

Те immigration unless it is outweighed by а continuation of the 


Tecent 
economic improvements. 
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The birth rate in Chuichu has been somewhat below iat a н 
tribe and appears to have remained quite steady over the Ее Er 
A slightly higher proportion of families in 1952 had less than wont 
dren than was the case 10 years earlier but, at the same time, а bec 
siderably higher proportion of 1952 families were biologically un 

leted. | 5 

d Noteworthy is the relatively low death rate that prevails. 2 
water from pumped sources since 1923 has undoubtedly given C кы 
a health position superior to that of many Papago villages where pan „за 
water is either a more recent development or is much less accessible ft 
daily needs. The medicine man’s art is dying out in most den емі 
lages and is not in evidence in Chuichu. Although modern med ipn 
is not fully accepted or sought by the residents, an increasing ium ‘igh 
of families are using the facilities in Casa Grande, less than 10 ver 
away. Principally due to increasing changes for longer life, nat" 
increase has gone up. 

TABLE 11 


Natural increase 


PER CENT 
Chuichu (1950-1952 average) 18.9 
Chuichu (1942-1949 average) 16.2 
Tribe (1942) 10.0 


a nd 
In respect to age distribution and sex division, both the tribe куя 
village comprise groups rather different from the present U. 8. poP 


: age 
tion according to the computed values of Chi-square. Moreover, Ш ра 
distribution, the village itself ha 


8 changed significantly since 1942. 
the past, the physical environm 


ent of the Papagos has been relative! 
isolated. Each community has tended to be a natural, closely-knit ре 
indulging т comparatively little communication with other com 
ties except the very closest ones. Now, with better roads, more ари 
ties for communication, more interest and concern for both tribal є 
federal government at Sells, in the heart of the main reservation, sce 
with less isolation between Papagos and Arizona society at large; vil sa 
social patterns are changing. In Chuichu, at least, these ane 
being reflected in the population make-up. Indicative is the Be a 
19 of the present spouses in the village are from outside commun! аў 
5 of them having made their original homes more than 50 miles aw 
Of these outside marriages, 60% have occurred in the last decade. 


DEMOGRAPHIC PATTERNS IN AN INDIAN VILLAGE 201 


Рес... — ~“ scanty, but. indications are that the Chuichu demo- 
ES incom ын ern was following its own rather unique and stable course 
но сэм Ses -— ut with important social and economie changes 
tio plani та pom especially if land improvement plans for this area 
likely that пе near future (Department of the Interior, ^49), it is 
“ээс gr population characteristics will continue to show marked 

ges but tend to become more rather than less like the nation’s popu- 


lation as a whole. 
SUMMARY 


4 з Таро village of Chuichu, Arizona, in the past decade reveals 
Wek tafe > population inerease of 5.2%. In these same years, the 
емне. T remained ‘steady, but the death rate has dropped ap- 
iole 1 2 т length of lite has increased. For the Papago tribe as a 
Бе signif 42, and for Chuichu in 1952, age distribution is shown to 
fius s Mie at variance with present U. S. distribution. Age group- 

88 within the village, itself, have also changed significantly in the last 


10 ye УЕ: 
years. Sex divisions by age groupings for the tribe are unlike the 
illage. 


U. aee 
S. but statistically this is not significant for the v 
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тэмцээ RUE 
NOTE ON THE FERTILITY OF A NUMBER OF 
WOMEN OF THE ANCIENT NEAR EAST 


BY SUSANNAH COOLIDGE 
Conservation Program, Yale University 
New Haven, Connecticut 


INTRODUCTION 

the following material on the fertility 
остурһа was assembled. Data 
Ptolemaic 


N the course of other research, 
kn tae of the Bible and the Аросі i 
und for a number of Macedonian, Seleucid, and 

queens, 
Tea icu few cases in the Bible and th 
instances : al number of sons and daughters of а М 
followi we have a fair assurance of how many 
ving data, therefore, are given in number of sons. 


e Apocrypha in which we 
oman, but in several 
sons she had. The 


DISCUSSION 

topes 2,000 years covered by the Bible from the time of Abraham in 
in the - C. to the destruction of Jerusalem and the martyrdom of Paul 
119 5 ist century А. D., we сап count 43 women who had a total of 
pare i The average number of sons per woman is 2.8. If we com- 

etwe his with the number of sons of а Palestinian woman 1n the century 

еп 1830 and 1930 A.D., we find some difference. 

Жы, Granqvist’s study made in the village of Artüs, south of 
les ж м between 1925 and 1931 gives the genealogies of all the fami- 
is stil] E village for 4 generations (Granqvist 231). Because polygyny 
i practiced and because the genealogies are traced through the male 


ae counting the number of sons per woman has not always been роз- 
from А number of daughters is not given.) However, we can tell 
Mine de charts the number of wives in each household and thus deter- 

е average number of children for the total number of women. 
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Only those women who were dead were considered in order to be вше 
that their families were completed. The count showed that 60 Arts 
women had 95 sons or an average of 1.6 sons per woman. These women, 
then, had one son less than the average Biblical woman. E 
By restricting the count to the 29 monogamous families of Artas, it 
was possible to determine the number of sons that each woman had. 
Twenty-nine monogamous women had 48 sons—that is slightly over 1.6 
sons per woman. | 
Table 1 shows that the highest percentage of Biblical women fall п 


TABLE 1 


Number of sons of 43 Biblical women, 29 monogamous Artás women, and 
84 Macedonian, Seleucid, and Ptolemaic Queens. 


NUMBER MACEDONIAN, SE! мын 
en 


Number Number Number 

of women Percent of women Percent of women Per cent 
0 4 9.3 6 20.7 6 17.7 
1 7 16.3 10 зал 7 20.6 
2 п 258 б 20.7 13 38.2 
3 9 20.9 4 13.8 5 мл 
4 4 9.3 1 3.5 2 59 
5 з 6.9 2 6.9 1 20 
6 3 6.9 -- = -- em 
7 2 4.6 = = == = 

Totals 43 100.0 29 100.0 34 100.0 
the two and three son brackets. In the Palestinian village, however 


” 1 EP 
the greatest proportion of women is found in the lower brackets и el 
sons, one son, and two sons. ы 


high. 

Table 1 also gives the fertility of a number of women who ruled и 
the Macedonian, Seleucid, and Ptolemaic empires from the 5th t о th 
1st centuries В. C. (Macurdy 789). т 

Іп all, there are 34 women with 61 sons and 34 daughters. Ав! 
we shall refer only to sons because the number of daughters 18 ипсе аи" 

The average number of sons of these Hellenistic women is approx” 
mately 1.8, or one son less than that of the Biblical women. This fig 
is not far from the number of sons of the modern Palestinian suum jo 
which averaged 1.6. Table 1 shows the family size of the Hellenist 


се 
The number having one son із mark 
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чн, bees ape to be intermediate between that of the Biblical 
E e modern Palestinian women. 

MNT й они queens, whose fertility we know about, were 
Mears natin " jrothers, = they do not appear to have been less fertile 
сше oe ‘The possibility of infants being brought up in 
as the queen’s children in the absence of true heirs cannot 
вн ы вве It is doubtful whether the 
ноги на гас eristic fertility considering the violence and extra- 
Жара Hors бо ої their lives, and unfortunately no material was 
would give the fertility of another group of Hellenistic 

or Egyptian peasant women. 


be discounted as a possibility, 


Ww TE 
omen, or even of modern Greek 


CONCLUSION 


on. the historical data are too fragmentary to reveal very much 
me Oe in the ancient Near East, it appears that the fertility of 
обо | @ the Bible and Apocrypha was higher than that of more 
and i enin living in the same area. Those Macedonian, Seleucid, 
feet olemaie queens for whom we have a record of offspring show a 
ility between that of the ancient and modern Palestinian women. 


ACKNOWLEDGMENT 
agement of Professor G. Evelyn 


The generous help and encour 
Yale University, has made 


шешп, Osborn Zoological Laboratory, 
15 study possible. 


LITERATURE CITED 


Oxford University Press. 

New York, Thomas Nelson and Sons. 
tions in a Palestinian Village. Finska 
s humanarum litterarum, 


wr. Authorized Version 1896 
билу чине Standard Version 1952 
Ахоуівт, Hitma 1931 Marriage Condi 
vetenskaps-societeten, Helsingfors. Commentatione: 
М ШІ 8: 3-200. 
e Grace H. 1932 Hellenistic Queens. Baltimore, The Johns Hopkins 
ress. 


THE SOCIAL BIOLOGY OF VERY HIGH FERTILITY 
AMONG THE HUTTERITES 
THE DEMOGRAPHY OF A UNIQUE POPULATION 


BY JOSEPH W. EATON anp ALBERT J. MAYER 


Department of Sociology and Anthropology, 
Wayne University, Detroit, Michigan 


INTRODUCTION 


HE ethnic Hutterites of North America provide an exceptional 

opportunity to study social and biological aspects of human fertility 
and reproduction, It is well known that in technologically advanced 
countries, where population statistics are adequate, the population does 
not increase under sufficiently stable and unplanned conditions to use 
demographic data as an ex post facto experiment in human biology: ^? 
groups where there is little migration, where no birth-control measures 
are used and where reproduction proceeds without conscious planning 
vital statisties are usually unreliable. Hutterite vital statistics ате Й? 
exception to this generalization. 

The group is an anabaptist religious sect, living in the United 
States and Canada in small self-contained hamlets, which they c? 
colonies. Within each colony, and throughout the entire population 
there is a high degree of homogeneity in socio-economic status, 64100” 
tional level and other social attributes. Between 1880 and 1950 the 800 
has inereased over 19 times, from 443 to 8,542 persons. This grow я 
has largely been the result of natural increase, Excellent records 279 
available covering more than the last 70 years of the group’s history: 
During this 70 year period, fertility patterns through time could 96 
observed almost entirely unaffected by some of the common social factors 
as migration, birth-control practices and changing marriage patterns: 

The Hutterite population is reproducing itself close to the theoretic 
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наз 
А ager fertility for all but the 15-19 year age group. 
growth 2 кни мк social factors in human population 
Нэн ніс мар were obtained in the process of a general culture- 
ries > 5 И Тһе research was not planned primarily for demo- 
5 2. It was designed, as its title indicates, to explore the 
Seton Psychiatrie factors in the Social Life of the Hutterites.” 
хэрэм ДЕ information was collected for ancillary purposes. 
ба гы to make ап adequate description of the group and to 
Бор ка ій ої mental disorders. Complete censuses of the entire 
р eod ere bun в for June 1880 and December 31, 1950. For 
са ing years there were 9 population estimates. Family records 
ы Gee he population in 1950 were the basis of the detailed fertility 
мањв T internal checks could be made to test the accuracy and 
= кі iveness of these records, which are kept by the preacher of 

y as well as by the head of each family in the “ Family Bible.” 


Th POPULATION GROWTH 
10 1880 Base Line 


өз... taking in this country is а constitutional requirement to 
and di or a decennial reapportionment of congressional representatives 
States ee taxes on a population basis (Constitution of the United 
June : rticle I, Section 2, 1789). In the hot summer weather of 
of ages. census enumerators rode across the recently settled plains 
Sina ao Territory to gather information for the tenth official 
ШЕП the United States. In contrast to previous censuses, made 
requi E he first century of the Republie, the census of 1880 incorporated 
= баце to train the enumerators to achieve greater accuracy. Tt 
more adequate technieally than the previous Ameriean censuses 
(Wright, ?00). 
pe 1870, the date of the рг 
the зано many pioneer immigrat 
Switz a of the world. This 
edie, and and Bohemia in 1528. 
с writers of religious tracts 0 
Weil and Kaplan (251). 


orted by Eaton, 
s been completed and is scheduled 


with the title of Culture 


evious enumeration, the Dakota plains 
nts. Among them were almost all 
protestant sect had its origin in 
Tts leaders were among the most 
г the reformation period. At the 


1 
T 

The Ээ general plan of the study was rep 
for тар final report of some of the findings ha 
publication in the Spring of 1954 by the Free Press 


а 
^d. Mental Disorders. 


208 JOSEPH W. EATON AND ALBERT J. MAYER 


end of the sixteenth century the group was estimated to have 12,000 to 
15,000 adherants (Horsch, 721). During the next two centuries they 
were severely persecuted by both Catholic and Protestant rulers. By 
1762 the sect was nearly exterminated. Only about 60 of the faithful 
survived to find refuge in Russia under the religiously tolerant regime 
of Catherine the Great. 

Between 1874 and 1877, practically all Hutterites, afraid of renewed 
religious persecution, left Russia where they had been living in three 
Crimean villages (Zieglschmid, WT). They settled іп south-eastern 
South Dakota. Some of them took advantage of the Homestead Act 
to acquire free land. Others, estimated at somewhat less than half of 
their total number, bought large tracts of land to build 4 hamlets, each 
of which was organized on a communal basis. "They were the orthodox 
branch of the sect, They wanted to live up to one of the basic precepts 
of their religion which regards all private property as sinful. А 

We could not help but be impressed by the fact that science 18 
cumulative product, as we checked over photostatie copies of the fading; 
neatly penned census records, Census agents Charles McCollum, John R- 
Maxwell and Miles Т. Wolley called on these small cohesive groups, the 
ancestors of all contemporary colony Hutterites in the United States 
and Canada. The conscientious work of these officials, now long dead, 
greatly increased the opportunities for verifying our findings. They 
enumerated 443 colony Hutterites, ‘Their records furnish the name, 250 
Sex, race, oceupation, place of birth and place of residence. The distinc- 
tive features of the group seemed to have 2 
Several times they went beyond their instructions to record; “ This 
group speaks, reads and writes the original German language.” or 
“ Here ends the Elmspring (or Wolf-Creek) Russian Mennonite Colony: 
The accurateness of their reports has been verified against complete 


population data on many of these families found in Hutterite family 
bibles and colony records, 


Our enumeration of Hutterites ху 
patronyms of the group and their a 
first names and middle initials. 
father, the first daughter 
of their mother's name, § 
1880 had one of 5 names: 
other patronyms accounte 


impressed the census takers. 


as also facilitated by the distinctive 
lmost uniform pattern of assigning 
The first son is usually named after the 
after the mother; all children use the initial 
eventy percent of the 443 colony Hutterites I? 
Hofer, Waldner, Stahl, Walter or Wipf. Te? 
d for the remainder of the group.” 


2 Kleinsasser, Wurz, Gross, Entz, Wollman, Mandel, Decker, Knels, Glanzer 
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a. dem n ~ the enumeration process, which underlies our demo- 
the Tripp "bes i Шозачйай by showing how it was possible to identify 
by this „Ж Бу E мэн Эн although it was not referred to 
H TN А 
near Trip apesi records, we knew that there was a small settlement 
бий Bol : о Dakota, settled for a few seasons by members of the 
of the identit Б остебу. Unfortunately, the exact location of this colony 
probably шэг its members was unknown. Аза result, these people had 
рено БЕ included їп апу of the estimates of the population 
We p made by previous writers. 
те ih Hutterite records that the spiritual head of the 
Waldner k^ дави Воп Homme County > was a Reverend Michel 
the ise 2 е was hot found to be registered there when we examined 
this чи ie mierofilms. The question therefore arose: Where was 
та зе огт the enumeration date, the 16th of June, 1880? Why 
His о. from the census record of his flock ? 
film of re тај later as we looked at a page in the census micro- 
ан а б піпвоп County. He was not identified as a preacher, but 
ш тэг жи Hutterite preachers have some other occupation. 
Нос -— ir а and those of his family checked completely with 
ist. other o» in the Bon Homme church register. He was listed with 
names, M атпен as living in one dwelling house. All had Hutterite 
trom : T ost of them were on lists in our files, which had been obtained 
eee Hutterite records. 
address fein contained in the 1880 census permitted us in turn to 
паса хү questions to contemporary Hutterites, resulting in nearly 
populisti Лагійсабіоп of the identity of the ancestors of the entire 1950 
on. 
are hla and location of t 
vn in table 1; their population by 
the last name of Jensen in 1950, 


tuate the patronym. There 
of three large families 


he four colonies in existence in 1880 
age and sex are given in 


and 
ome There were no families with 
Were how, | lone family in 1880 had по sons to perpe 
Who join ever, many families named Tschetter, descendants 
“Тор ed the colony Hutterites between 1883 and 1892 
Hutterite are several published estimates of the population of the original 
(46), ыш in North America. They vary from 250 to 350. See Hofer 
ай oa oe (44); Deets (730): and Horsch (31). The estimates, although 
Populatj partial reports, were usually quite accurate for the segment of the 
available 4 to which they applied. Until recently, when the 1880 census was made 
to us, there was no way of checking the accuracy of these estimates. 
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isti d 
table 2. The following demographic characteristics should be un 
although the total number of persons in each of the age groups 18 8 


TABLE 1 


List of Huttcrite Colonies in June 18801 


4 <INSHIP 
NAME OF YEAR OF POPULATION pii 
COLONY SETTLEMENT LOCATION JUNE 1880 GRO 
и shmiedenleut 
Bon Homme 1874 Bon Homme County, 139 Берші 


Township 93, 
Range 59 
9 Schmiedenleut 


Tripp 1879 Hutehinson County, 55 
Township 97, 
Range 60 " 
Old Hutchinson County, 112 Lehrerleu 
Elm Spring 1877 Township 100, 
Range 59 . А 
Wolf Creek 1874 Armstrong County,” 137 Dariusleu 
"Township 99, 
Range 57 
All Colony 1874 to Southeastern 443 
Hutterites 1879 South Dakota 


de 

» From the 1880 census. Photostatic copies of the original records were me 
available by the U. S. Census Bureau. 

? Contemporary Hutterites are composed of three ki 
considerable in-group consciousness, 
the first settlements, each of which 
grew in numbers. 

? Armstrong 


each with 
ation of 
they 


nship groups, 
They have their origin in the popu! 5 
organized separate branch colonies ™ 


County is now incorporated in Hutchinson County. 


зано 
These same characteristics will be found to re-occur with little variati 
at later periods. 


1. The number of males and females are nearly equal (221 to aie 
The Hutterites migrated to the United States as complete © 86 
munities, taking all family members with them. In this м 
they differed from many other immigrant groups, who lef 
old folks in the homeland and where male immigrants tende 
exceed females. 


8. Males outnumber females in all age groups over 40. 
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Mearly half of the population is under 15 (47%) and 12 persons 
- (2.7%) are over 65 years of age. 
The 1950 Benchmark: 
№ шк» enumeration of the Hutterite population is also available 
Би Bn 31, 1950. Offieial 1950 federal census records are not 
~ or inspection, Census records have been classified as secret since 
КЕ” А 
Im 1900, when the present United States Bureau of the Census was 
ganized. Summary population data on the Hutterites could be obtained 


TABLE 2 
Distri : 
istribution of the Hutterite Population by Age and Se» June 1880 


AGE MALE FEMALE TOTAL 
Under 15 109 103 212 
15-19 23 21 44 
20-24 15 24 39 
25-29 15 15 30 
30-34 1 15 28 
35-39 6 16 22 
40-44 10 7 17 
45-49 11 4 15 
50-54 2 3 5 
55-59 3 7 10 
60-64 6 3 9 
65-69 5 4 9 
70-74 1 0 1 
75-79 1 0 1 
80-84 1 0 1 


= Total 221 


outdated and not sufficiently 


for 
or the Canadian colonies, but they were 
The vital statistics needed by 


“эсэн to be adequate for our purpose. с 
й utterite Mental Health Study therefore, had to be obtained by 
thes d а census of our own, in cooperation with the Hutterites and 
Were ү ected leaders. The field workers were able to travel in cars which 
1880 considerably faster than the horses used by our predecessors in 
вене Nevertheless, the 1950 census was a more complex task. From 4 

ie ments concentrated in a small corner of south-eastern South Dakota, 

Y had branched out into 93 colonies. As shown on the map m figure 
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1, they are dispersed widely in 1950 throughout South Dakota, North 
Dakota, Montana, Alberta and Manitoba.* А 
Our inquiries began with a brief questionnaire sent to all colonies 
during the months of December 1949 and January 1950, with a 100% 
response. This preliminary inquiry, made to рап the field-work, 


MANITOBA 


Еш. 1. ETHNIC Hurrerrre COLONIES IN NORTH AMERICA: 1950. 


furnished, among other items, information about the total population” 
the number of persons over 65 years and under 15 years of age and the 
sex distribution. During the summers of 1950 and 1951 detailed demo 
стар е data were obtained for 71 of the 93 colonies, with about 

of the population. The methods of inquiry included personal visits 


the staff, intensive correspondence and in much of Manitoba, family 


> m i he 
“Ву March 1953, five additional colonies had been formed, two of them int 
Canadian Province of Saskatchewan. 
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enumerati қ А 

естери Ён Мине leader. Our data include records of 6,796 

В Dee e фін living on December 31, 1950. For these persons 

жона м n ies broken down by families, colonies, and kinship 
g the following items of information : 


а. Bir те ; 
: очи or age by last birthday on December 31, 1950. 
Е тыш within the family for all children ever born to parents 
ing on December 31, 1950, including still-births. 


с. Sex. 
4. Marital Status. 
й De њи 2. position іп the colony. 
а 10 а cause of death of persons who died during 
years. 
8. Residence (if known) of individuals not living in a Hutterite 


colony : à 
lony at the time of our enumeration. 


The infi 
informati я 
formation on our sample was checked against many types of 


record, 
8. А : : 
Some gaps and inconsistencies were found, but most of them 


could 1 = 

ђе 4 н я 
cleared up through subsequent correspondence with Hutterite 

ividuals was not random. It 


leaders 

пеня selection of the 6,796 ind 

geographic ngay on the willingness of leaders to cooperate and the 

detailed SESS of aceess of colonies to our staff. A review of the less 

he 80% il data for which there is a 100% response shows 
^ sample for which we have detailed data to be representative 


of Ч » 
the entire population. 


There зү 
White qj, Were 8,542 ethnic Hutterites living on December 31, 1950. 
the United States population increased 14.59% between 1940 and 
eriod, more than 


195 
яю m Iutterites increased 52.1% in the same p 
ater, із ча as rapidly. The Hutterite growth, as we shall demonstrate 
man 5 твоју a function of the excess of births over deaths. No other 
ium PING for which there are good vital statistics has shown a 
hough e steady growth over а prolonged period of time, except 
Th migration. 
able " sm of the 1950 population 
і Tt is more regular than it was іп 1 
Беу, 


by age and sex is shown in 
880. The three demographic 


in Manitoba visited 


eek Colony 
eded for 


Sa же 
amuel Kleinsasser of the Sturgeon Cri 
ke the family data ne 


man 
Пу Hutterj 
this с и settlements in the province to ta 
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features to which we called attention in our discussion of the 1880 
findings are also found 70 years later: 


TABLE 3 


950 
Distribution of the Hutterite Population by Age and Sex on December 81, 195 


AGE MALE FEMALE TOTAL 
175 179 354 

698 680 1,378 

722 646 1,368 

595 629 1,224 

434 474 908 

330 337 667 

298 304 602 

231 231 462 

189 213 402 

165 120 285 

125 111 236 

91 91 182 

14 69 143 

46 40 86 

39 25 64 

22 29 51 

5 6 Ji 

5 3 8 

85-89 3 1 4 
90 and over 0 2 2 
Unknown 34 72 106 
Total 4,281 4,261 8,542 


Y 81 
1. Тһе number of males and females іп 1950 was nearly equal (87 

апа 4,261). 4 

311 р 
2. Slightly over half of the population, 50.6%, was under 15% 


2.3% was over 65. 


гет 40: 
3. There were more males than females in the age groups ОУ er $ 


~ AGE AND SEX DISTRIBUTION 
Age Distribution 


гаар У 
In 1880, the population of the United States was predomi "g 8 


youthful. Not only the Hutterites, but most American groups i ult 
large proportion of infants and young children. This was шан 
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of а со і : p 5 ы 

the si = a high birth rate, a relatively low life-expectancy and 

following > — of young people among immigrants. During the 

suf й me bs age distribution of the Ameriean population 

The ‘Suet aa: of older people increased steadily. 

in 1880, they w x 818 not follow this trend. In 1950, even more than 

пра T ere a youthful group, as shown in table 4. They may hold 
graphic “ world record ” for a relatively youthful age distribution. 


TABLE 4 


Age Distributi 
ribution of Hutterites and Selected Populations (in per cent)? 


51019 20 To 44 45 то 64 65 YEARS 


Е TOTAL гэ. YEARS YEARS АКО OVER 

Заан 

2-2 (1950) 100 20 41 29 8 2 

Such, Gee 100 11 2 37 20 8 

duds (Moslems) (M) 180 15 38 32 12 3 

leas] | N ға 100 13 33 37 13 4 
958) 100 13 24 44 15 4 


1 United Nati 
ed Nations Demographic Yearbook (751). 


па distribution has been quite stable through time. This 
77/46. оч n through the application of the survivorship method to 
decades a distribution to obtain the age distributions for the previous 
data а им 1880 population was projected forward to 1910. The 

presented in figure 2, showing the population pyramids for 


decenni s 
8, па! periods from 1880 to 1950. 
ее Distribution 


There j " 
еге is nothing unusual in the overall НайетНе sex ratio. ТЕ has 


Temai 
“ард эн stable over the entire period. It was 99 in the 1880 
Usual in ү in the 1950 census and, by projection, 99 in 1940. As is 
he age many human populations, there 15 à slight excess of males in 
high аи under 15. In the 5-9 year age group, there is an unusually 
e > of males over females. The same irregularity can 
in the rural farm population of the United States. In 
when it is summed over the 
difference is not consistent for 


ites from 1-4 is higher than 
4 10-14. These 


ет 


les. The rates are reversed in the age groups of 5-9 an 
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YEAR 1880 | N= 443 


75 ond OVER 
70-74 


FEMALE 


YEAR 1890 
75 ond OVER 
70-74 


М = 666 


FEMALE 


YEAR 1900 
75 ond OVER 
70-74 
65-69 
60-64 


N = 984 


FEMALE 


UNDER 5 
AGE — 


YEAR 1910 


N = 1,343 
75 and OVER 
70- 74 


5- 
UNDER 5 
AGE— 


Fie. 2. POPULATION 


YEAR 1920 N= 2321 
75 and OVER 
70-74 


YEAR 1930 | Ме 3,558 


75 and OVER 
70-74 


40-44 
35-39 
30-34 
25-29 
20-24 
15 - 19 
10-14 
6-9 
UNDER 5 
AGE— 
616 
YEAR 1940 | М 5" 
75 and OVER 
70-74 
сетер Е 
- 59 EMALI 
5029) MALE Е 
45-49 
40-44 
35-39 
30-34 
25-29 
20-24 
15-19 
10-14 
-9 
UNDER 5 
AGE— м = 8,542 
YEAR 1950 
75 and OVER 
70-74 


Pyramips, Етимтс Hurrerrres: 1880 to 1950- 


HIGH FERTILITY AMONG THE HUTTERITES 217 


—Á— à ep Wen the reverse conditions pertain. We have no 

r this strange sex-ratio in the 5-9 year age group. Tt 
llowever, a preliminary inspection of 
indieates that this phenomenon 
io be indieated to explore if 
have gone unnoticed so far, 
age group of certain 


e : 
уа be a sampling accident. 
ешостар те 1 
ре ographie data from other rural areas 
шан elsewhere. Further study seems 
ere are bi i all Хор i 
ological or soci: сез W 
енй gical or social forces which 
roduce this high sex ratio 1n the 5-9 year 
Populations. 
But it is v i 
" 16 it is very unusual to find a male predominance among the older 
goma 1 Н 
ар as there is among Hutterites 40 years old and older. 
tha erite men who live beyond 40 seem to have a greater life expectancy 
nw НЭР" к in li i 
women. This fact also makes sense m light of the finding that 


there w : 
гэн e were 72 men as against 61 women who had lost their spouse 
oug : 87 

gh death, although Hutterite husbands are on the average one 


M. years older than their wives. 
life amada: gowa reason to assume that Hutte dip Бие в СІН 
70-74 age 2 than females at all adult ages, even y эе on 
greater Їнэ ups, when the number of women cem хэ pn а 
айарга ап the number of males. It 18 probable that "i ын E 
those с numeration of males over 15 in some of the colonies, ome 
data ann the 20% of the population for which complete ярі 
13 to T d not be obtained. Males outnumbered females у 4 = үн 
their “Энд the Hutterites in 1950 who жы п ДЕ ak 
у с? re eS ror 
Names «жы, LM = deserters ? аге БИШЕ | ran on 
ОЁ them wer 8 ways kept in the curren | ушы bae doe я 
in the Mie. 15-19 years of age. with progressively cec я: a 
urin Ч ет age groups. Many of the youngsters return 5 n € 
of feral heir twenties, after having tried life on their a 22 Е 
ecome es is greatest in those age groups in which males 
TH S progressively less in the older age groups. ете 
и finding that Hutterite men tend to өшін Oe aie 4 
ma; On of the large number of pregnancies experience’ У 4 
jority of Hutterite wives. In the past. nearly all of their confinements 


Wer H Я z Е 
със ОЬ the supervision of physicians. While Hutterite women 


erite males have a higher 


he variations would not 
г data on the age distri- 
е same irregularity in 
ants more 


з of deaths that th 


Tate: 
8 are 
based on such small number: я 
ф with ow 


Necessa ys 

а : 

ution pi be significant. However, they do fi 1 

s the Hutterite population. The observance of th lem warr: 
егісап rural farm population indicates that the problem W* 


cares 
ul invests 
nvestigation. 
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do enjoy the help of self-trained midwives, some of whom have remark- 
able practical know-how, the cumulative effect of these numerous medi- 
cally unattended pregnancies may be to shorten the length of life of 
women, who—in general—survive males in reproductively less active 
populations. 

The Hutterites also demonstrate a demographic truism: A rapidly 
growing population is very youthful. About 51% of the 1950 population 
was under 15 years of age. Two percent were over 65 years of age- 
Persons in these age groups cannot be expected to be fully productive 
economically or active in the management of the group’s affairs. If we 
add to this finding the fact that the majority of female adults were 
preoccupied with the care of their large families, it becomes very clear 
that a relatively small number of Hutterite male adults must provide 
economie support for their rapidly growing group. This might be 
difficult if it were not for the Hutterite values which emphasize а sharing 
of all property and the spiritual virtue of living at an austerity standard. 
In most cultural settings, a rapid population growth like that experienced 
by the Hutterites would tend to be checked by difficulties of providing 
the offspring of most families with the essentials of food, clothing 
shelter and medical care. The Hutterite economy and value system 876 
uniquely designed to deal with this problem. Even an inefficient 07 ill 
father can support a large family, while the more capable members 0 
the group forego the economic benefits which would accrue to them if t hey 
were to be paid wages for their labor based on their importance ко; 29 
group effort. They do this out of religious conviction and ethnic loyalty: 
Tt is doubtful that the Hutterite reproductive record could be main- 
tained were competing American materialistic and secular values {0 


bring about any major modification in their communal economi? 
structure. 


REPRODUCTION 
Human Fecundity and Fertility 


Fecundity, the physiological capacity for reproduction, is fairly ye 
known for many animal species. There are no equally reliable data 0 
Homo sapiens. Reproduction in human beings is not purely instinetiv? 
behavior expressed during a mating season pa a period of “heat.” 
is a socio-biological process. It involves some of the most strongly hel 
cultural values and taboos. No human group which has been avai able 
for study to demographers over a long period of time have had вех E 
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b -зарар which encouraged reproduction at a high enough level 

чено. oe ap o their possible biological maximum. But it would be 
estimate of this theoretical maximum could be made. 

o be used here, will refer to 


r 
The concept of population fecundity, t 
a group of women in their 


ела ра of living offspring produced by g 
Mn erin life time. This definition differs somewhat from the 
of зас meaning attached to this term by biologists and students 
НЭХ ис: де but it permits us to answer the really crucial question : 
up to Po im vildren can a group of human beings have if they reproduce 
period of imit of their biological capacity and live through their entire 
8f 5 р ера fertility? This concept also facilitates the answer 
group күн lary question : How many children are not produced by a 
habits 1 —— beings because some of their cultural values, customs or 
Th ате with biologically possib | p 
such me statistics of the Hutterites can serve as à basis for making 
їл в Fertility will be analyzed through a number of measures 
of rel я use by demographers to permit а cross-cultural comparison 
evant populations, including the following: 


1. The crude Birth Rate 

The Fertility Ratio 

Age Specific Birth Rates 
Completed Family Size 

Nuptial Age Specific Birth Rates 


le reproduction ? 


про 


The Crude Birth Rate 
ee birth rate of the sect, the number of births per ex 
E atioñ was 45.9 during the 5 year period of 1946 through 1950. 

"ow is based on complete fertility data for the 807% sample. 

ut his erude birth rate of nearly 46 рег 1,000 is high (see thle D 

gs the highest in the world. However; it is well known эн що 

Corr Tates are not an accurate measure of fertility since they n : 
де з for the great variations in the age and sex distribu ui 

ferent populations. They ate, as their name indicates, only а 


cry 
de Measure of fertility. 


Т 
Ле Fertility Ratio 


у fertility ratio, the number of child 
omen ої Г wha 
fertili of age 15 to 49, 1$ а somew" трата- 
bilit ity than the crude birth rate. But it has somewhat less сотр 


Y- It ca i Jations because its calculation 
Tequi nnot be obtained for some popu D : 
“quires data on the detailed age and sex distribution of the population. 


ears of age per 


ren under 5 У 
easure of 


100 + more accurate m 
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Among the Hutterites, the 1950 fertility ratio was 96.3 per por 
women. It is greater than that of any other human population. It 2 
more than twice the total United States fertility ratio in 1950 Mp 
53% higher than that of Algerian Moslems in 1948, the highest o 
ratio reported in the 1950 United Nations Demographic Yearbook. 
cross-cultural comparisons are given in table 6. 


TABLE 5 


TS 
Crude Birth Rates of the Hutterites and Selected. Populations 


POPULATION CRUDE BIRTH RATE 
Hutterites (1948) 45.9 
Algeria (Moslems) (1949) 34.1 
Jamaica (1948) 30.9 
Israel (1948) 26.8 
United States (1948) 24.2 


1 United Nations Demographic Yearbook (751). 


TABLE 6 


Fertility Ratios of the Hutterites and Selected Populations * 


у добу 
= years oF AG 
POPULATION CHILDREN UNDER 5 ҮЕ ARS 0 


5 то 49 
PER 100 FEMALES 15 Т0 


Hutterites (1948) 96.3 
Algeria (Moslems) (1948) 63.1 
Jamaica (1949) 49.5 
Israel (1948) 45.8 
United States (1950) 42.3 


1 United Nations Demographie Yearbook (51). 


ye . . it У 

The fertility ratio is an improvement over crude birth rates, p 5 
also has some shortcomings as а measure of fertility. Tt makes ys орч” 
rough correction for variations in the age distribution of different P Ж 


lations. It also takes no account of marital status. It does 7^ 
mortality, however. 


Age Specific Birth Rates 


: Р tility 
Age specific birth rates are more accurate measures of fer 
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becaus зу tak 
Dr M take more complete aecount of the variations in the age 
lon of a population. We will employ two measures here: 
x age specific fertility rate. It is the number of births per year 
o 1,000 women in a specific age group including both married and 
unmarried women. 
9. "Правова Є ааа lenis : 
The age specifie nuptial fertility rate. It is the number ої births 
per year to 1,000 married women in a specific age group. 
In table 7 — š 
are уй 3 ible 7 the age specific fertility rates of the Hutterite population 
Шай ы together with the highest observed rates reported in the 1950 
Шу. | ations Demographic Yearbook. This cross-cultural comparison 
Pn utterite females to have a record fertility in all but the 15-19 
ar old age groups. 
TABLE 7 


Agc Specific Fertility Rates of the Ethnic 
Hutterite Population 1946-1950 and of Selected Countries 


ANNUAL AGE HIGHEST 
мн Хємнкй SPECIFIC OBSERVED 
© Aag HUTT ЖБ 3 HUTTERITE NUMBER OF NUPTIAL AGE SPECIFIC 
Roup 1 ЕШТЕ WOMEN BIRTHS FERTILITY FERTILITY FERTILITY RATB 
15 a MARRIED 1946-1950 RATE RATE circa 1948 2 
2-19 
20-94 301 39 18 92.31 11.96 103.1 (Jamaica) 
95-90 252 173 291 336.42 230.95 227.3 (Jamaica) 
30-34 220 169 421 498.22 38273 208.4 (Japan) 
35-39 180 159 352 442.76 391.11 233.3 (Japan) 
40-44 130 191 224 370.24 344.01 156.4 (Japan) 
95 93 100 215.06 208.34 59.4 (Nether- 
45-49 е lands) 
Total 74 16 43.24 42.11 6.8 (Jamaica) 
898 1,422 
ы 
Year де Mes of Hutterite women are listed as of June 80, 1948, the center point of five 
тосот - 1946-1950. The data are from our 800) sample for which complete fertility 
2 Vere obtained. 


United хан 
4 Nations Demographie Yearbook (49-50). 


The relatively low fertility of young Hutterite girls reflects their 
aken place. The median 


Custo: 
1 H + 
аде б ы marrying only after adult baptism has t 
со Marriage in 1950 for Hutterite women was 22.0. For men the 
Tre к i 
e Sponding median was 23.5. Among the 301 girls who were between 
“Be 15-19, only 20, or about 7% were married before they were 19. 
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None were married before they reached their sixteenth birthday. The 
age specific fertility rate of 12.0 per 1,000 for this age group is quite 
low, much lower than the 79.8 per 1,000 of the 0. 5. population. This 
clearly indicates the importance of Hutterite social taboos in inhibiting 
reproduction during the late adolescent years. 


TABLE 8 


Number and Percentage of Persons over 30 Never Married 
In 70 Hutterite Colonies in 19201 


MALE 
PER CENT 
AGE TOTAL TOTAL UNMARRIED IN SEX 
GROUP POPULATION UNMARRIED AGE GROUP RATIO 
30-34 181 T 3.0 1.00 
35-39 148 4 2.7 89 
40-44 131 1 0.8 1.38 
45 & over 323 3 0.6 1.09 
Total 783 15 1.9 1.05 
FEMALE 
PER CENT 
AGE TOTAL TOTAL UN MARRIED IN SEX 
GROUP POPULATION UNMARRIED AGE GROUP RATIO 
30-34 184 27 14.1 1.00 
35-39 166 17 3.6 89 
40-44 94 4 43 1.38 
45 & over 299 4 1:9 1.09 
Total 743 52 5.4 1.05 


excluded 


1 Non ethnic Hutterites who became converted and their children are zio 
ri 


from this tabulation, which is based on 78.9% of the total ethnic Hutte 
population. Excluded also are 9 persons age unknown, and 106 male ane 
female Hutterites known to have left Hutterite colonies before December 
1950, who may have been alive at that time. 


, 


The peak of nuptial fertility is in the 25-29 year old group. The rate 


during this period is 498 per 1,000. In other words, women in this аб? 
group average one birth every two years. The high fertility rates 9, 
the Hutterites after the age of 20 is a reflection of their cultura 
encouragement of reproduction. Few adults are single by the time they 
reach their thirtieth birthday. As table 8 shows, less than 2% of the 
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males 30 years old and 
шэг and older were unmarried. 2 i 
е ie = common. Slightly over 5% pop зар in 
à surplus of pik грам which is rapidly increasing there tends ЕМ 
“Үзэн” Ч if men marry girls younger than themselves. Yet 
dla of alma e many Hutterite spinsters are condemned to their 
na ды ай essedness simply Бу an inability to find a marriage 
an acl Piece see ia + many volunteer match-makers among friends 
Sith. parents m rmi that. Health reasons, à desire to remain at home 
Хүү "bpd х personality factors were found to be involved in the 
among ситна ари chose to remain single. The surplus of females 
zemās, while = m gradually absorbed, partly because men tend to 
Pei, Casali ma bee do. уђу percent of the 79 widowers 
their бөгөтү 5% of the 61 widows. By the time Hutterites reach 
ерт зас 8 1 birthday, only about one percent of either sex have never 
tendeney = The high marriage rate of Hutterites is mirrored in the 
age of womer 888 specifie and nuptial fertility rates to converge 48 the 
all but 4.3 | increases. In the 40-44 and 45-49 year age groups, when 
.3 and 1.3% respectively of the women ате married, the two age 


Specific 
пи ин are fairly close to each other. 
of the grou couples are rarely separated after marriage. In the history 
deserti ба ой es 1875 there has been only one divorce and only 4 
e know of one other case where husband and wife separated 


€mporari] қ 

other "ее live in different colonies. There may have been a few 

Of severa] жа although if the separation had extended over 8 span 
тв the cases could hardly have escaped the attention of our 


field 

staff, F М 

here were и break-up through death has been much more common. 
persons in the 80% sample who had lost their consorts 


Tough 4 
eath, about 6% of all married males and females. 
спапсу appears to be accepted as 


egulari : 
о аг 
Normal in с. in exposure to pregnanc) 
е нис but sex relations are severely frowned upon during 
i : X s nem 
al period. There ате, no doubt, considerable variations 1n 


Sexy, 
al activi 
1y — iT 
attempt to у among families within the culture put our stud 
investigate this topic. There are no genera 


зобі; 
аю 
x= + 
Parturition relations of married persons; except 
and for about 6 weeks afterwards. In general, 0 
ve some evidence that 10 babies may 
ot possible for us 


"Шегі 
giti + 
imate births are very rare. We ha 
75. While it js n 
5 «timate births 


ave h 
een h 
о pi ог P 
Eive а ae outside of wedlock since 18 
ise rate for this phenomenon, 


Accon 
nt for 1 
ess than two tenths of one percent of all births since 
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data suggest that after the marriage vows are taken, women are regularly 
exposed to the chance of fertilization. 

The magnitude of the age specific fertility rates of the sect can be 
summarized by the comparisons made in table 9. They show: 


TABLE 9 


Actual and Expected Number of Births of the Ethnic Hutterite Population P. 
Calculated by U. S. and Highest Recorded Age Specific Birth Rates in 1950 


EXPECTED 
NUMUER OF 
EXPECTED BIRTHS BY 
NUMBER OF UNITED HIGHEST NUMBER OF RATE OF ACTUAL 
AGE HUTTERITE STATES RECORDED BIRTHS BY HIGHEST NUM nat 
GROUP WOMEN RATE AGE SPECIFIC 17. 8. RATES COUNTRY oF pinTHS 
15-19 301 19.8 103.1 (Jamaica) 12 103 18 
20-24 252 193.2 227.3 (Jamaica) 24: 286 291 
95-99 220 160.6 268.4 (Japan) 177 295 421 
30-34 180 100.5 233.3 (Japan) 90 210 352 
35-39 130 53.2 156.4 (Japan) 35 102 224 
40-44 96 15.2 59.4 (Netherlands) % 29 100 
45-49 76 19 6.8 (Jamaica) 1 3 10 
Total 1,255 565 1,028 1,422 


3 United Nations Demographic Yearbook (751). 


1. Only 39% as many Hutterite babies would have been born if the 
Hutterites in 1950 had had age specific birth rates similar to those 
of the United States in general. 

2. Only 6296 of the Hutterite babies would have been born if the 
Hutterites in 1950 had had age specific birth rates similar to those 
of the country listed in the 1950 United Nations Demographic 
Yearbook as having the highest recorded birth rate in each 5-yeat 
group. 


Variations of Birth Rates 

The remarkable fertility of the sect now may be regarded as estab- 
lished. One further question remains before making an estimate 0 
fecundity. A considerable portion of population theory has been con- 
cerned with the question whether reproductive capacity changes, pre’ 
sumably lessens, as a population matures. Are the Hutterites following 
other groups in showing a decrease in birth as they accept modern 
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tech : 
nologie: 
gical changes : 
4 Е ges and соте - қ 
American Society? me into more contact with the larger 


Ра а Family Size 

omple бат 

before i жеңе ягу size, the number of children ever born to a woman 

trends, ыы the age of 45,5 сап be used as a measure of fertility 

1880 (able ges to have been a slight increase in family size since 

in 1950 had с. кожа 166 younger women who were between 45 and 54 

between 55 and аттара number of 10.6 live births. The 162 who were 
14 years of age had an average of 9.9 children.? It is 


discs TABLE 10 
un ; 
ст of Children Ever Born [0 Married Ethnic Hutterite Women 
45 Years of Age and Over, 1950 


Me- 


NUMBER OF CHILDREN 
16 Total dian 


o 
ы 
e 


0 
12345967 891019 
2 
оо тии јр цо пиз 
11132331934 511 р] ш эз 
113214:34145341 тэн 
210111146811 їзнэ 
отрогов тазтвв за 
1312121113141 te 
400114200101 отоо в 
5 41 01. с 100 5 
1 
CTrrEFTITITILLILA 15 4 340 10.4 
Dossib], 
€ tha : 
t the greater completed family size of younger women 18 


du 
nu 


t decades, reducing the 
ral health of mothers. 
4 family size is 
rge number of 


е 
о the i 
improv + 2 
mber of + ement of medical care in recen 
Ne inverge да and strengthening the gene 
зан У gthet і 
elationship of women 1n 1950 and complete 


8 furth 
er 
clue to the validity of the assumption that a la 


Pregn, 
anci 
that th les has an adverse effect on longevity. For example, the fact 


Ч 12 ү В + 
haq only a women who were 75 years old and older and alive in 1950 
n я % ЭР 
average of 7.5 children (a suspiciously low number for 


Ж 
Iber 


8 convent; 
ы HR сы, to caleulate completed family size on the basis of the num 
ation перана to women between the age of 15 and 45. Actually, this con 
* compl e the fact that some births take place after 45 years of age. 
eted family size of the Hutterites is similar to that recently repor 


tz (5 
(53) for rural French Canadians. 


ted 
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Hutterites!) might be due to the failure of women with very large 
families to survive to be counted in our 1950 census. Finally, the 
possibility cannot be ruled out that older women failed to record 40те of 
their children who died young or left the colony а long time ago- 
However, the internal consistency of our data makes it appear doubtful 
that such forgetfulness was widespread. 

No significant differences in completed family size were found to be 
associated with kinship group membership or social position. The median 
family size of 118 wives of preachers, business managers and other 
community leaders 45 years old or older, was 10.2 children. For wives 
of regular members, without any position of formal leadership in 1950, 
the median family size was 10.4 children. In both groups, about 5% 
of the babies were reported to have died before reaching their first 
birthday. While most populations vary greatly in socio-cultural factors 
associated with fertility, such as education, oceupation, income and status, 
Hutterites do not. They are not made out of one mold, but their culture 
is characterized by a high degree of homogeneity. There are virtual у 
no class distinctions. АП people in a colony have the same level of living: 
There are variations in social prestige, which are largely а function 


of sex, age, intelligence and religious grace. But these variations do по 
seem to affect fertility. 


Nuptial Age Specific Birth Rates 


A comparison of the annual nuptial age specific birth rates for the 
periods 1926-1930, 1936-1940 and 1946-1950 is shown in table 11. Many 
of the variations in the rates of 5 year age groups throughout this perio 


are not significant. "They are based on small numbers. The followin’ 
trends may be observed: 


: ЭЛ 0 
1, Hutterite fertility has been generally high throughout the 9 
year period. | 


15-19 


9. Nuptial fertility rates have decreased progressively for the zd 
and 20-24 year groups. The trend is particularly marked for the 197 xi 
year age group. Their nuptial rates have grown considerably small" 
World War II contributed greatly to pushing the rate for 1946-1950 or 
below the level it might otherwise have maintained. The differences 50 
nuptial rates of 20-24 year olds between 1936-1940 and 1946-1911 
disappear when corrected for the number of years women were actu? 7 

ied during these 5 year periods, Many young Hutterite males W° 


татті 


№. _ му 
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’ TABLE 11 


Age Specific Fertility Rates for the Ethnic Hutterites 
1926-1930, 1936-1940, 1946-1950 


ANNUAL 
TOTAL MA ANNUAL AGE SPECIFIC 
ats ана Ep PERCENT NUMBER AGE SPECIFIC NUPTIAL 
ely WOMEN WOMEN MARRIED ОР BIRTHS BIRTH RATE BIRTH RATE 
1926-1930 
15-18 16.9 366.7 
130 6 46 11 T 
20-24 103 68 66.0 138 268.0 405.9 
шэн 92 85 92.4 192 4174 451.8 
и 69 66 95.7 137 397.1 415.2 
35-30 40 40 100.0 n 355.0 355.0 
tie 36 36 100.0 43 238.9 238.9 
ы 34 Зі 7000 4 23.5 23.5 
1936-1940 1 
15-19 198 ү 66 13 13.1 236.4 
ы 176 117 66.5 228 259.1 389.7 
а 199 190 93.0 300 465.6 500.8 
ate 98 s 99.0 224 4619 406.7 
nd 85 Ч 98.8 183 430.6 435.7 
үө 68 я 95.6 69 202.9 212.3 
Tot, T 49 E 100.0 10 47.6 47.6 
E 796 536 67.3 1,027 258.0 383.2 
1949. , 950 
15-19 12.0 92.3 
18 2 
20-54 301 39 13.0 й #84 
т 291 231 
25-09 2 Ша а 421 382.7 498.2 
30-34 у 169 ee om ни ums 
35-39 | 0 159 Эс 524 344.6 яр 
40-44 30 121 062 100 208.3 ait 
Зил 2 Эн Hd 10 42.1 43.2 
otal 76 74 97. d a 3435 
1,255 828 66.0 1,42 


1 
Тізе 
fen bi 4. 
en births, age of mother unknown have been allocate! 
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absent from their home during several years in which they served either 
in a camp for Conscientious Objectors or in the Armed Forces. This 
delayed many marriages. When corrected for this there was a little 
change in fertility as is shown in table 12. 


TABLE 12 


Number of Children per Year of Marriage Born to Women Age 
20-24 in 1940 and 1950 


1940 1950 
NUMBER TOTAL YEARS NUMBER ОР NUMBER TOTAL YEARS: NUMBER ВЕ 
AGE OP WOMEN OF MARRIAGE CHILDREN RATIO OF WOMEN OF MARRIAGE CHILDREN 
= Е 40 
20 5 2.5 2 80 7 7.5 8 
21 17 17.0 9 53 19 20.5 13 ші 
22 17 30.5 24 79 2 38.5 20 
23 23 52.0 32 9 35 74.5 54 
24 26 68.5 45 66 41 79.0 65 
Total 
20-94 88 170.5 112 66 126 220.0 155 


: " e 
3. The peak of nuptial fertility in every decade із in the 25-29 25 


i m ring 
group. Married women have about one child every two years dius 
that time. | 


4. Марна] fertility for womer p we 


n in the 35-39 year age grou 


‚ і is 
highest in 1936-1940 and dropped off markedly іп 1946-1950. T 
finding suggests that birth control practices might be beginning to me 
inroads, although it might merely be a temporary fluctuation. і 
à le 


5. The Hutterite nuptial fertility of 1936-1940 did not paral 
the trends of the American population in general. Birth control practice 
the economic after-effects of the depression and a related negative eva el 
tion of child-bearing, important factors in lowering American 78: 
during that period, did not seem to affect the Hutterites. 


IHutterite Fecundity 
e 
We are now ready of ja 
erite 
pro" 


to make an estimate of the fecundity 
Hutterite population from its fertility data. Tt is assumed that Hutt 
fertility approximates fecundity except in the early years of the ие 
ductive period. 


= jon 
The estimates are based on the concept of probability of concepti? 
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of a Пү 
ve child 19 ђ 
: y а married wi ЭР 
age, in a given m €— woman living with her spouse at i 
B year. ksa Ч Ё > 88 
мээн through her f ach such Hutterite woman (living or сү 
TH er у 1 
Marriage and endir vs period beginning with the year of tae 
years : ig. with her fifty-fi z юэ EE 
s old ir 5 er fifty-first year. If 
5 d in 1950 Кыс ae year. If she was less Й 
Ын 50. улас : ss than 51 
x every vo her fertility experience to that date was erede 
whether av i эйә : 
rose "а возе Пуни тан a tabulation was made as to 
за о vhich res і і і 
ани ption which resulted in а live birth took place 
т RH В 
The probability of having a live birth 
figure 3. 


аг of expos 
of exposure to pregnancy 


during the mia 7 in table 13. 
: ры the non pL aei of each 5 year age group is indicated in 
m (4 авай» Se span, the summation probabilities yields 
iving with ee e births per woman, married at the age of 18 
fin ine oe Дан лекеті through her fifty-first year of life © 
Tutterites ge stimates of fertility for the ages unde г г 
Че, when й : DNE, The peak seems to be in ths зда 
ке this Яс ee women had a live birth. In the years 
РЕ about the bun ertility declines progressively, but slowly. Not 
s n aed, Е year of age does the rate of decline become 
“ee а decrease in решш zero at the age of 49. The decline 
өй сената iene th ecundity. The extent to which this is the case is 
^ to decline wi he frequency of sexual relations in marriage also 
i, Dents thet са age. (Kinsey, et al., 48: 252 and 758: 348-354.) 
8 been general] e fecundity of human beings is far more stable than 
y assumed. Iis decline with age is probably even more 


Bradua] t x 

к On aito suggested in figure 3. 

Жо. опо “ирэн ыг finding that the peak of population fecundity is 
2 ity rates сас № life contradicts our prior observation that nuptial 
Pa artifact is th fight for women in the 25-29 year age groups: 

groups, Wome result of the process of combining the data in 5-year 

motherhood en in the 20-24 year age group were actually exposed 

for only about 1} out of the 5 years; 


ой жага Өх ; those in the 25-29 
Ше in their т for about 4 years. Hutterite women are more 
early twenties, but not enough of them are married to 
this fact. This 


Yield 
Bey 
year 
grouped nuptial fertility rates to indicate 
ptial fertility 


ndj 
ng i 
Tate, 25.8 good i : ЦЭНЭ 
98 as measu illustration of the limitation of grouped nu 
по res of population fertility. 
miscarriages and still 


of abortions, 
dity in term 
operational definitio 


s of live pirths only, 


Sti 
birt ill birth, 

8, 8 are excluded. Тһе elimination 
n of fecundity 


nd cons 

is nop апа ume the viewing of fecun 

In accord а the concept although this 
with the usual meaning of the term. 
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observed if we sum only the number of live children through the thirty- 
fifth year of life. These data are more reliable because they are based 
on larger numbers in each age group. For women married before 1921 
the number ої live children was 7.8 for married women 18-24 years 0 
age. The equivalent numbers were 8.6 for women married in the decade 
1921-1930, 9.2 for women married in the decade 1931-1940 and 9.3 for 
women married in the decade 1941-1950. Split halves of the data 
matched almost perfectly so as to give considerably more confidence 10 
the reliability. It should be noted further that this same general iren 
was found in the data on completed family size (see table 10). 

A number of factors could account for this trend. One is that 
longer ago a birth occurred, the greater tendency for women to forge" 
to report it. However, it seems unlikely that this could account 107 
the extremely consistent rise in fecundity, particularly in view of the 
Hutterite emphasis on keeping family records. A more likely factor 
is the increasingly good health of Hutterite women, resulting in 
decrease in abortions, miscarriages, and stillbirths with a reciprocal P 
in successful deliveries. It may also reflect an increase in the number ня 
conceptions. Тһе previously reported drop in the 1946-1950 age speci 


the 


born, if Hutterite customs encouraged women to marry young 
Fecundity at these carly ages (13-17) cannot be estimated easily 
of the phenomenon of adolescent sterility. On the basis of infor? 
from primitive cultures, some anthropologists believe that girls are 7 4 
very fertile during their first few post-pubertal years. Relatively a 
girls are capable of reproduction before 15 years of age and even йе 
their reproductive capacity is not аз arent as it will be later (For 
Beach, 751). Accepting this theory, at least for the purpose of making P 
estimate of maximum fecundity, one io two and a half children m 
be added to the totals. The maximum fecundity of the Hutterite Ue ре 
lation would then range somewhere between 12 and 14 live Ё 


atio? 
10 
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for women repr : 

аанай €— at rates of the 1931-1940 decade. The actual 

lm Dore Mite y size of Hutterite women is about one to three childr 

виа I рани theoretical number of births because ami 

Знание = marry after reaching the age of 20 and some 1 3 
before they reach the end of their reproductive cycle. Ар 
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Number hz 

"я ыг Children Still Possible per Woman After Any Given Age 

ive Year Age Groups, for the Ethnic Hutterite Women 
Living ой December 31, 1950 


ILL POSSIBLE 


NUMBER OF LIVE BIRTHS БТ: 


= AGE 

50 and over .02 
45 119 
40 1.24 
35 3.21 
30 5.46 
25 8.00 

10.82 
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ntinues, the probable number of live births to the recently married 
ore who enjoy the most up to date sanitary, nutrition and health 
standards, will be even higher. 


Is Hutterite Fecundity Unusually High? 


The question whether Hutterites are more fecund than the general 
American population cannot be answered conclusively. In lower organ- 
isms, as Pearl (25; 739) shows, great hereditary differences in терто- 
ductive capacity are found. In most human groups, such biological 
questions cannot be readily investigated. The Hutterites may be an 
exception to this rule. With their cooperation it would be possible to 
go beyond our present data to investigate familial (genetic), constitu- 
tional, psychological, social and cultural variables which affect their high 
birth rate. Such a study is being planned for the near future. In the 


meanwhile, some of the relevant facts related to Hutterite fecundity 
should be noted. 


1. Moderate Total Family Size 
There are no Hutterite females with more than 16 live births. Some 
might have had more, had they married earlier, 
to matching some of the unusually high reproductive histories reported 
by Pearl (725 ; 39) and others, as for example the wife of a poor Viennese 
linen-weaver, who had 32 children, all but 4 of whom were born alive. 


But none come close 


2. Normal Rate of Twinning 


Hutterites have only the usual proportion of multiple births. There 
were 15 twin births out of a total of 1,422 births recorded during 1946- 
1950. This ratio of 1 per 95 is within the range of the frequency of 
multiple births in the United States, which is 1 per 86 (Strandskov 245). 

3. Reproductive Efficiency 

The human ova and spermatozoa have a brief life-span, The period 

within a woman’s monthly 


i cycle during which conception ean take place 
has been estimated to be “a matter of hours, certainly no longer than 2 
day." (Greenhill, 249). Raymond Pearl (’39) reported an average of 
244 potentially effective copulations per live birth in women of age 20-29, 
the age span when fertility is relatively high. Pearl’s findings were 
based on a sample of 184 white married women in Baltimore in whose 
marital experience no contraceptive effort whatever had been made. 
Married Hutterites appear to have a much greater reproductive 


|| 
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They had an overall average 
ig the 10 year period, 5.36 as 
than 13 ovulation cycle, with 
ceive each live birth. ТЕ must 


efficiency than these Baltimore women. 

of not quite twice as many children диги 
against 2.8. They had only slightly more 
а maximum ої 306 days,!? in which to con 


нау р 
e emphasized that these are maximum estimates. They make no allow- 
paration of husband and 


= E miscarriages, illness and normal sep | | 
ite Анн The actual number of ovulation субе and days 
thane, ачна Hutterite women could have been exposed to reproductively 

The copulation is much smaller. 
Necessar average of 244 copulations estimated by Pearl to have been 
be exce 4 le produce each live child in his sample of couples appears to 
on the как. high. Our study made no attempt to obtain information 
found Sexual life of the Hutterites, but Kinsey, Pomeroy and Martin 
y i that the frequency of marital relations was « consistently effected 
all дады church affiliation. In practically every instance в 
than e М active groups engage in marital intercourse less frequen у 
482.) о inactive groups.” (Kinsey, Pomeroy and Martin, 48: 
Interyi lutterites in general are mor than most of the enm 
religio erea by Kinsey and his team and classified by them as а 
аве сан If we estimate Hutterite sex relations in the 20-29 year 
reported К to average 24 times per week, the appro NT 
Women in the Kinsey report for actively religious aam - 

an ane have experienced only 108 copulations for each hi | Шы 
Ог ве : 1 Owance is made for a reduction of this number because 0 x T 
ites м because of travel of one oF both of the spouses, a : 5 
the Бий, appear to be more than twice as efficient reproduc Ён йл 
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i 's findings ех rate the 
stress, it appears plausible to assume that Pearls findings exaggerate 
- 
difficulties of unplanned conception. 


Low Prevalence Rate of Sterility 


There were only 10 childless Hutterite couples among the Е. 
had completed their reproductive cycle by 1950. It is most unlike у 
that any of these 10 families practiced birth control. It can be reni 
that in nearly all cases either the husband, the wife, or both, were шен = 
This frequency of childless and possible sterile marriages, of 3.476, 3 
very low. About 10% of the 1977 couples reported in the Indianapolis 
study were unable to have a child (Whelpton and Kiser, рак 
There also are few small Hutterite families. Only 33 women, or abou 
10% of the women with completed families, had three children or 1088. 
The Social-Psychology of Fertility 

The Hutterite population between 1880 and 1920 has clearly violated 
what sometimes is assumed to be a “law”? of population. Their fertility 
has steadily increased, while at the same time they have become шае 
and more integrated in America’s technological culture. This аш) 
together with the facts that conception is relatively efficient and p 
lessness is relatively infrequent in this group, could be interpreted h 
support a social-psychological theory of fertility. Other theories sno 
as the presence of a genetically transmitted tendency for high fecundity, 
cannot be ruled out. However, researchers in the field of psychosomatl¢ 
medicine have long suspected that soci 
important role in determining fertility. 
on childbearing, which is accepted by most Hutterites, might be кесі 
crucial factor in their high fertility. It is well known that emotion? 
states can support or disturb the glandular balance of the human wil 
Psychic stress could lead to sterility in some persons. Such stresses 97 


found in Hutterites, but they rarely involve problems of parenthoo 
(Eaton and Weil, 254). 


‚ ап 
al-psychological factors play e 
The positive cultural empha 


MORTALITY 
Crude Death Rate 


Death is the counter-balance of birth in population growth. In pes 
primitive cultures there is à high birth rate, but also a high death pen 
“Natural > checks, ав Malthus called social calamities like famine. У" 


and poverty which kill human beings, have stunted the growth of 2 


Py гоћ 
these primitive populations. The Hutterities differ from other №8 


a" 
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fertility groups in that they are not affected by these * natural 7 checks. 
Their death rates are low. 

There is little doubt about the validity of this finding, although 
Tutterite vital statistics on deaths are not as good as those on births. 
There are not enough deaths in the group in any one year, or even over 
a period of 10 years, to permit the calculation of a life table. It is 
doubtful that more than 1,000 deaths have occurred in the sect since 
their migration to the United States. 

The crude death rate, the number of deaths per 1,000 population, is 
4.4 per year.2 This rate is very low, if compared with others like that of 
Algerian Moslems (14.8) a group also having a high proportion of young 
people. The cross-cultural comparison is shown in more detail in table 15. - 


TABLE 15 


Crude Death Rates of the Ethnic Hutterites and Selected Populations 


POPULATIONS ' CRUDE DEATH RATES 


Hutterites (1941-1950) 44 
Algeria (Moslems) (1949) 14.8 
Jamaica (1948) 13.2 
United States (1948) 9.9 

6.6 


Israel (1948) 


"United Nations Demographic Yearbook (751). 


Age Specific Mortality Rates 

The Hutterite crude death rate does not provide a good picture of 
their health. 'The expectaney of death in the group is more similar to 
that of the general American population than is apparent from the 
examination of crude rates, for the latter take no account of the unusual 


is In our 1950 census inquiry Hutterites were asked to list every death occurring 
Ps group between 1941 and 1950. Seventy-one colonies furnished fnitly 
‘ee replies. A total of 245 persons were reported to have died. Inflating 
Т Sumer to the entire population of the sect, 309 deaths are estimated to have 
Жек ed in the last decade. In 1950 there were 8,549 ethnic Hutterites. In 1940, 
ГЭР арад is estimated to have Роса about 5,616. At the midpoint of the 
Жж › оп December 31, 1945, it is estimated to have been 6,969. The annual 
“е death rate is therefore: 
309 х 1000 _ 


oe В 
6969 х 10 
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age and sex distribution. Age specific rates provide a more valid даки 
o 3 = . да 

of making a cross-cultural comparison of mortality. They can be use 
to show how many Hutterites would be expected to die within a giver 


TABLE 16 


Actual Hutterite Deaths, 1941-1950 and the Number Expected on the Basis 
of 1940 United States Death Rates and 1947 South Dakota Death Rates 


NUMBER OF NUMBER OF NUMBER OF а 
HUTTERITE DEATHS SOUTH DAKOTA нет DEATHS ACTUAL HUTTERIT 
UNITED STATES || EXPECTED ВУ DEATH RATES ;CTED BY DEATHS 
AGE DEATH RATES 1 U. 8. RATES 1947 2 в. D. RATES 1941-1950 

Under 1 414 195 30.90 93 119 
1-4 2.0 24 1.58 19 45 
5-14 9 20 61 13 30 
15-24 2.0 26 157 20 14 
25-34 2.7 24 2.03 18 16 
35-44 4.6 25 2.80 15 23 
45-54 9.7 33 6.18 21 18 
55-04 20.3 32 14.90 24 15 
65-74 44.6 33 20 
15-84 99.5 18 | 80.17 76 10 
85 & over — 2295 1 | 1 
Total 361 299 309 

7 5 

1 The U. S. Life Table of 1939-1941 (White population) is used. The Hutterite rat? 


е 
are calculated from the 245 persons who were reported to have died during the wu 
of 1941-1950 in our 80% sample. When this frequency is adjusted for the й 
population, we have only 31 deaths per year, including infant deaths. То вете з 
least а minimum degree of Stability we are calculating mortality rates for 20 ae 
“age categories. Deaths of male and female Hutterites have also been combined to dg uit 
further the size of each cell, However, the use of 10 year averages has the disadve it 
of concealing age differentials in mortality and covers up trends toward lower шин 
due to the improvement of health conditions within the decade, Such improve™ сей 
may have been considerable, particularly during the last decade, when there Has 
a drastic shift in the acceptance by Hutterites of modern medical technology: 

* Rates for South Dakota in 1947 were computed from the following sources: 
(1) Population: United States Bureau of the Census (51). 
(2) Deaths: National Office of Vital Statistics (49). 


year, if their death rates were similar to those of the United States 
white population (table 16). 


i ў : 1 
It is apparent by inspection that the Hutterite age specific death 
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rates are somewhat below those of the United States population except 
in the 1-4 year and 5-14 year age groups. This comparison is, however, 
not entirely satisfactory. The United States white population is a 
conglomorate of many social and status groups, which differ widely in 
their mortality rates. 

The population of the State of South Dakota, being largely rural, 
Offers a more meaningful comparison, Until 1918, all Hutterites lived 
there and were influenced by its standard of living and medical practices. 
Іп 1950, 15 of the 93 colonies were located there. Hutterite and South 
Dakota rates are fairly similar. llutterite children under 15 years of 
age have a greater likelihood of dying than their counterpart in the 
South Dakota population. The situation is reversed for adults, Hutterites 


having a greater likelihood of survival in all but the 35-44 year old 
group. 


TABLE 17 


Age Specific Death Rates by Sex For Ethnic Hutterites 1941-1950 * 


MALES FEMALES 

AGE POPULATION DEATHS RATE POPULATION DEATHS RATE 
Under 15 1805 101 55.96 1838 93 50.60 
15-29 903 8 8.86 957 11 1149 
80-44 495 15 30.30 456 19 41.67 
pe 238 9 37.82 212 12 56.60 
80 and over оз 23 947.31 81 18 222.22 
Total 3534 156 === 2544 153 = 


* Population adjusted to the midpoint of the 1941-1950 interval. 


Sex and Mortality 


The death rates of Hutterite women are consistently higher than 
086 of men in every age group except children under 15 and older 
People over 60 (see table 17). This finding confirms the interpretation 
oe Previously in our review of the Hutterite age distribution. Although 
he number of deaths in the Hutterite population, even over a 10 year 
Period, is quite small, the pattern is sufficiently clear to be significant. 
his finding contradicts what is almost a generalization among human 
Populations: Male mortality is higher than that of females. Dublin, 
“Ка ang Spiegelman (249) have pointed out that this “law” applied 
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to almost every human and many animal species. One of the few — 
tions was in the population of India in 1931, where the “ average pun Е 
of life was almost the same for both sexes.” The general level of ща 5 
of the Hutterites is very much below that of the people of India, в, 
the two populations are similar in that mortality among the — 
the child bearing ages is higher than that of males. Among the Hutter! ка 
the fertility is even higher than that reported for Indians: ера 4 
ingly Hutterite female death rates are even higher than those of дез, 
and the males of the sect clearly exceed females in life expectancy during 
the middle years of life. These facts suggest the hypothesis that a p" 
number of pregnancies has a direct effect in maternal morbidity “ 
mortality and an indirect effect on lowering resistance io genera 
morbidity, even when women get moderately good maternal care. 

The sex reversal in death rates is found only in the age period of 
15-60, which corresponds somewhat to the period during which women 
have a large number of pregnancies. Hutterites do not seem to have an 
unusual number of maternal deaths, but the higher female mortality 
may result from a general lowering of their resistance during the child- 
bearing period and a decade or so afterwards. Females who нні 
beyond their sixtieth year of life again conform to the generalization 
true for other populations. They have a lower mortality than males. 
Кот persons under 15 years of age, the death rate of males also conforms 
to the findings made for other groups. Hutterite boys have a higher 
death rate than girls. 

It was not possible in our Study to test this hy 
correlating the age of death of wome 
We were also un 


pothesis further bY 
n with their number of pregnancies: 
able to get reliable records of eause of death on enough 
persons to see if the theory might be confirmed on the basis of sn 
conditions which precipitate death. Preparations for getting this ya 
mation are being made in connection with a study of geneties of th 
Hutterites, now in the planning stage. 


Infant Mortality 


Infant mortality is an excellent statisti 


: th 
cal index of public heal 
practices. 


А р 5 jes are 
During the birth process and the first year of life, babies lity 
very sensitive to diseases, injuries and malnutrition. The infant тога t 
rate is the number of deaths of inf. 


‚21.0 
ants under one year of age рс! oa 
births during a specified period of time. The average annual ІЛ, 


15 
mortality rate during the period of 1946 to 1950 was 45 per 1,000. 


Је 
19 There were a total of 1,422 births between 1946 and 1950 in the 80% БАР 
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deaths are common among young people. There are reports of а fair 
number of accidents. Tragedies such as “ fell in a tub of boiling water,” 
or “ was kicked by a horse” are found to have occurred several times. 

The profound religious conviction of the sect enables parents to view 
accident and death in a somewhat philosophical spirit. While a dead 
child is mourned, parents are comforted by the belief that he will enter 
heaven as an angel. “ Nature ” sees to it often that he is replaced shortly 
by a new arrival. 

The relatively low death rate of НаНегИе adults may reflect the 
fact that the sect encourages good health care for its members. Hutterites 
have the resources necessary to pay for the best medical care available. 
All costs are paid by the community. On the basis of returns from 49 
colonies, whose leaders made an estimate of their medical care costs 
in 1949 or 1950 the colonies spent about 24 dollars per capita per yea! 
to provide medical, dental and hospital care and to pay for drugs. Аз 
has been previously mentioned the mortality rates for women might be 
reduced somewhat through better pre- and post-natal care, but it is an 
open question whether any amount of medical atention could entirely 
eliminate the physiological consequences of the frequent pregnancies that. 
probably account for the fact that female mortality rates exceed those 
of males. 

The doctor who participated in our field work found that adults with 
severe and chronic illness were well cared for. Many had visite 
nationally known specialists and hospitals to be diagnosed and treate® 
Although there is still considerable room for an improvement of health 
standards in the care of youngsters, Hutterite adults generally live under 
adequate sanitary conditions. Some medical supersititions exist, Le 
they do not interfere with attention to severe physical illness. Death? 
that could be prevented medically still take place, as they do in al 
parts of the United States. But their incidence is being reduced тар! 

In general, Hutterite health conditions, as indicated by their mortali : 
rates, can be inferred to be slightly above those of the general роршайд 
of the United States. They are a shade below those of the South Dako + 
population. But it should be noted that in 1940 this state ranked seco” 


Р Р пее 
38 Robert J. Weil, Assistant Professor, Department of Psychiatry, Dalhor 


University Medical School, Halifax, Nova Seotia. His judgment is based 4 
fairly thorough physical check-ups of 298 persons and more cursory contacts ыг 
probably another 500 individuals, who came to him with requests for medi 

information of one kind or another. я 
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ee only by Nebraska) among the 48 states in the life expectancy 
its population (Dublin, Lotka and Spiegelman, 49:68). 


Sio rode meis NATURAL INCREASE 
а 5 төвт inerease is the balance of births over deaths. The crude rate 
ae. : increase is the most common method of measurement, common 
the de requires only crude vital statistics. It is obtained by subtracting 
ШЕ дей rate from the birth rate. In the Hutterite population, this 
зб: эр the decade of 1941-1950 was 41.5 рег 1,000. That is 
бай У nigh. In table 18 some comparable rates from modern and 
ologically undeveloped countries are shown. 


TABLE 18 


Crude Annual Rates of Natural Increase of the Ethnic Hutterites 


and Selected Populations * 


POPULATION RATE PER 1,000 POPULATION 


Hutterites (1941-1950) 41.5 
Israel (1948) 20.2 
Algeria (Moslem) (1949) 19.3 
Jamaica (1948) 17.7 

14.3 


"United Nati 
Nations Demographic Yearbook (721). 


all crude rates, can give a 


The 

er қ я : 
ude rate of natural increase, like 

hanges in birth and 


Very mj ; 
death MR picture of trends. Tt does not reflect с 
es over a period of time, nor the age distribution of a population. 


Altho 
ose n the Hutterite vital rates have been generally more stable than 
other modern populations, it would be advisable to use a more 


efineg 
Measure of population growth. 


. Grogs 
and Net Reproduction Rates 


atural j 
al increase can be shown more accurately by gross and net- 


Тертодцен 

abies poss rates. The gross reproduction rate is the number of girl 

Present ОГ to а group of 100 or 1,000 women 15-49, on the basis of 
live through the entire 


nt bir 

eae rates, provided that all of them 

lal ferti ae. span. This measure of reproduction 1 
У per депегаНоп apart from mortality. 


s used to show poten- 


терү, 
The net reproduction 
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rate is the same as the gross reproduction rate, except that the factor of 
mortality is also included in its calculation. It is a close approximation 
of the true rate of replacement of a population if the sexes are nearly 
balanced, if most of the population is married, if migration is negligible 
and if birth and death rates remain relatively constant for a considerable 
period of time. All of these factors, with the possible exception of the 
last are nearly true of the Hutterites. If 100 women age 15 to 49 have 
100 daughters on the basis of present birth and death rates, the popu- 
lation is replacing itself. Its net reproduction rate is unity. 

The gross reproduction rate of the Hutterites in 1946-1950 as shown 
in table 19 is 400.36 per 100 women. 'The net reproduction rate is 
366.44. The difference between the two measures, about 9%, is relatively 
small. It reflects the low mortality rates of the population. These 
measures may be compared with demographic data from Palestine, 4 
country where the gross and net reproduction rates have been tabulated 
for both the technologically advanced Jewish and the more primitive 
Moslem segments. 

The Moslems of Palestine in 1940 had the highest gross reproduction 
rate (381) recorded in the 1950 United Nations Demographic Yearbook, 
somewhat less than the Hutterite rate. The net reproduction rates, which 
take account of mortality rates, differ radically. The mortality 9 
Moslems in Palestine is quite high since the net reproduction rate drops 
by 43% to 217. Forty-three percent of the Moslem generation is lost 
through early death, against about 9% of the Hutterites. 

The Jews of Isracl (formerly the Mandate of Palestine) in 1945 
had the highest net reproduction rate (161) of any modern population 
resembling the United States in cultural level and technological develop 
ment. Jews who failed to reproduce themselves in most west Europea? 
countries in recent decades reversed this reproductive pattern ? Чет 
migrating to the Holy Land. The Hutterites have gross and net repro” 
duction rates which are about 56% higher than those of the Jews ° 
Terast Бей Де mortality rates of the two populations are almost identical. 
PE recen therefore be viewed as a modern population in t әй 

с “primitive” in their birth rates. They show how 
human population might grow if people believe in procreation withow 
interference with biological reproductive potential, but live under techno" 
logical conditions that give such a growing права cood economie 

and medical support. Whe high fertility and low mortality of this 5% 
combine to produce a rate of imerease that may бе unique p рити 
experience. 
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The Growth Pattern 
Яа - perpen regularity in the Hutterite pattern of growth during 
via m per 2 under sindy ? Although no complete census enumera- 
onal made during the 70 year span equal in thoroughness and 
р ess to those of 1880 and 1950, the question can be answered. 
Sen 0 мав 9 population estimates made at various times between 
and 1947.19 Most of them were made by Hutterites to satisfy their 


TABLE 19 


а 4 
ross and Net Reproduction Rates of Ethnic Hutterites in 1946-1950 


TOTAL FEMALES IN NUMBER OF 

HUTTERITE ER 4 Ё шив —€— FEMALE BIRTHS 
AGE TONES EHE Умар, FEMALE ror IT PER 1010 
TER s BIRTHS BIRTH RATE v. 5. 1940 WOMEN 
20-94 иа 18 9 5.08 471,388 28.19 
25-29 880 291 144 114.29 468,101 584.99 
30-34 m 421 209 190.00 463,036 881.48 
35-39 2 352 115 194.44 458,922 892.33 
40-44 0 224 11 170.77 459,088 773.06 
45-49 96 100 50 104.17 444,558 463.10 
Total 1 16 16 8 21.06 433,333 91.26 
2255 1,422 706 4,003.00 = 3,192,026 3,664.40 

(Net Repro- 


(Gross Repro- 


duction Rate) duction Rate) 


(100.8). 


! Est; г 
stimated from total sex ratio at births over the 5 year period 


2 о - 
btained by multiplying the sum of the age specific rates by 5. 


он curiosity and that of other persons who wanted to report on their 
mi life. One estimate, that of 1917, was contained in an official 
of f lon fe: President Wilson for exemption from military service because 

tne pacifist convictions of the sect. It is probably quite reliable. The 


esti ни 
З ар are plotted аз а solid line in figure 4. : 

obtai е picture of their population growth is similar to the estimates 

ee when the life-table survivorship method is used. This method is 
сшатіу appropriate in the Hutterite population because its size 

1930: Deets (39). 

1931: Deets (739). 

1944: Zieglschmid (47). 

Ziegischmid (747). 


18 
s Zieglsehmid (47). 
181. Zieglschmid (47). 
Дарь: Zieglschmid (47). 
пер. Clark (722). 1947: 
^ Züepilschmid: (47). 
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oe since 1920 was little influenced by either in- or out- 
Бие ныг) ЖЫ tables for the white population of the United States have 
кави Ж bei most appropriate ones available to estimate Hutterite 
а е Using this method the 1950 population was projected 
ls ih о 1910. It was inadvisable to project backward any farther 
tie мы since the cumulative errors become too great. Instead 
на м nies e was projected to 1910 by using an average of the 
m де е оу ег Ше last 20 years as a measure of births in that earlier 
дани тури States mortality rates appropriate to 1880 to compute 
би 3 he estimates so obtained are plotted as a broken line in 
gure 4, 


Migration and Population Growth 
за two рее кесені fit together 0 
the oe и This is not surprising in view о 
miden. factor which is so important in the grow 
Шу ГЫШ, is relatively unimportant among the Hutterites. 
еге 5 an first few decades of the кесі residence in South Dakota, 
ботийг, some movement of people into the colonies. The family 
a и ахь known to have joined up between 1880 and 1895. Another 
Нес “Часэн left Bon Homme Colony in 1878 returned a decade later. 
" е» amilies eventually contributed a total of 98 children who remained 
it е шинж All but two or three married after they grew up. Also 
рени ӨЗДЕ Singlo girl and possibly half a dozen others joined the colony 
“Энн: rie came from a group called “ Prairieleut ре" Hutterite 
at nites.” They were members of the same ethnic group in Russia 
Ае ара with the colony people to the United States, but had 
to try life on an individualistic basis. 
an B the Jets went by, the cultural gap widened between the Colonyleut 
iss е Prairieleut. The latter were more responsive to the assimilative 
Sto Sures of the American environment. Their movement into the colonies 
A. ски before the turn of the century. This study is therefore based 
usively on the descendants of the original colony Tutterites and 


hose who joined them prior to 1895. 

Not эн accession to the population base 0 

on the lanced by any desertion of individu 

individ own." We know of only 7 small fa 
а uals who left prior to 1918. 

can эн net effect of the known in- an 
е shown most clearly if the memb 


almost like the halves of a torn 
{ the fact that migration, 
th pattern of most 


1 contemporary Hutterites was 
als or of families to live “ life 
mily groups and three single 


d out-migration prior to 1918 
ership of the colonies of 1880 
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is corrected for individuals who were then alive and who joined or left 
the group before 1918. Instead of the 443 persons enumerated by the 
census, there would have been 472, an increase of 6.5%. 

The balance of migration since 1918 has been slightly in favor of 
reducing the number ої Hutterites. There was no new influx of ее 
Hutterites.7 We found that 106 Hutterite males and 8 females were 
listed as being “ deserters” in the 1950 census. We do not know in all 
cases if these “deserters” were still living at that time. If all were 
alive, they would constitute one of every 20 Hutterite males age 15 
and over and one of every 250 females living on December 31, 1950." 
The net effect of in- and out-migration since 1918 has probably reduced 
the size of the contemporary population by about one or two percent from 
what it would have been in 1950 if all persons ever born into a colony 
since 1918 could have been enumerated. 


A Stable Population 


The Hutterite population growth during the last 70 years resembles 
the statistical model of a stable population. Such a population must be 
distinguished from a stationary population. The latter is neither growing 
nor decreasing. It remains, as the term indicates, stationary in 802 
A stable population may be growing or decreasing, but it has a constant 


17 Eleven adult converts of non-Hutterite stock with 19 children were prought 
into several of the colonies after 1930. Some of the children have recently 
married ethnie Hutterites and have had 34 offspring by December 31, 1950. 
This group of 64 converts or children of convert marriages constitute less than 
one percent (.74%) of the entire ethnic population. They have been exclude 
from our study in view of their variant cultural background. Also exclude 
have been the populations of certain pacifist communal groups, who have adopte 
the name " Hutterite " in recent years. They do not intermarry with the ейте 
group and have no formal relationship with them, although they have receive 
some financial aid and spiritual advice from the ethnie Hutterites. ын 
settlements, with a population of approximately 900 are located in Engl?" 


pe 3 ince 
Ontario, Canada and in Paraguay and Uruguay. АП have been organized 81000 
1930. Their membership is composed 


of diverse nationalities, formerly “ world in 

persons. They became converted to a creed similar to that of the Hutterites E 
its emphasis on communal Property, pacifism and adult baptism. Howevel 
they adhere to more modern customs and values in many areas of every-day li 
1 There were 5 colonies in 1950 with 131 members, who were excommunic? в 
for their failure, or that of their leaders, to live up to all orthodox prescripti?” 
of the council of preachers, They are the most assimilated wing of the js 

They were included in our study of the culture because they are all of Hutter) 


ethnie origin, share property on a communal basis and adhere to many 9 
precepts of the Hutterite religion. 


ving: 
ate 
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net reproduction rate. The true birth and death rates are stable. The 
total number of persons can change, but the percentage distribution by 
age and sex does not. The statistical model of a stable population has 
never, to our knowledge, been found in nature. The Hutterites come 
very close to showing its characteristics. We recall from figure 2 that the 
Population pyramids of the sect showed an approximately similar shape 
from decade to decade, particularly after the year 1910, although the 
number of persons increased rapidly. 

This finding is more than a statistical euriosity. It indicates that 
г phenomena within the sect at 
ation base remains 
de rates can be a 


с is meaningful to compare the rates 0 
different times, because the composition of the popul 
the same. Within the Hutterite population even cru 
basis for comparison over time. 


Future Growth Predictions 
_ At present rates of reproduction the Hutterite population would 
Merease rapidly as shown in table 20. It cannot be over-emphasized 
that this is not a prediction of what will actually happen. The statistics 
are based on the assumption that there will be no change in the biological 
and social factors which have enabled the Hutterites to reproduce rapidly 
Іп the past. As shall be shown later, there are slight indications that 
the social factors governing fertility may change within the next few 
decades, resulting in a slowing down of the Hutterite rate of growth. 
The true rate of natural increase was calculated by the method 
Suggested by Glass (40). It shows an increase of 4.126590 per year, 
"i à doubling of the population in about 16 years. It was also found that 
16 past growth pattern of the sect could be fitted to an exponential 
curve, Three exponential curves were used. Curve A is based on growth 
ata up to 1920, a period in which the rate of growth was slower, due to 
igher mortality rates among the Hutterites in their first decade in the 
United States. It obviously underestimates, even by 1950, the actual 
Tate of growth, Curve B is an exponential based on the 1910-1950 rate 
of growth, Projection as far as the year 2000 shows that it represents 


а faster rate of growth than the true rate of natural increase in 1946- 
cw This suggests that between 1910 and 1940, Hutterites were 
Е үсеп 1940 and 1950. As mortality 


Mereasing шог idly than betw 

жаз oc esed р only conclude that fertility was much 
higher also. This is another piece of internal evidence pointing to a 
Possible reduction in fertility among the Hutterites in the past few years. 
Exponential Curve С was fitted to the rate of growth over the entire 
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1880-1950 span. It closely resembles the projection of the true rate of 
natural increase. Thus the present true rate of natural increase арргохї- 
mates the long term rate of growth of the [utterites. 

It is difficult to believe that the Hutterites will actually attain any 
such numbers shown here. It is certain that as their numbers become 
larger they will attract more and more interest, both from their immediate 


TABLE 20 


Projections of Population Growth of the Ethnic Huttcrites 
Under Given Assumptions 


POPULATION BASED 


ON TRUE RATE OF EXPONENTIAL EXPONENTIAL ЕХ PONENTIAL 
YEAR NATURAL INCREASE 1 CURVE ВЗ curve с“ 
1950 8,2425 5,115 8; 7,695 
1955 10,400 = 25 = 
1960 12,700 8,800 13,090 11,530 
1965 15,700 => = — 
1970 19,200 = = = 
2000 64,500 37,350 28,250 


*The true rate of natural increase based on the 1946-1950 net reproduction 
rate was 4.1265%. 

* Based on Exponential Curve log Ye = log 1.002610X +) log .078481 терге 
senting the actual population growth 1880-1920 and projected forward from 1920. 

8 Based on Exponential Curve log Ye = log 1.626960X + log .097908 терте" 
senting the actual population growth 1910-1950 and projected forward from 1950. 

“Based on Exponential Curve log Ye og L271324X + log .087836 терге” 
senting the actual population growth 1880 950 and projected forward from 1950. 

5 Census count. 


neighbors and from the world at large. They will no longer be able 9 
live in their present tranquility and relative isolation. Their increas? 
in numbers also may undermine the primary group structure supporting 
their cohesiveness. It is already becoming impossible for the Hutterites 
to maintain the informal relationships which characterized intercolo”) 
contacts during the first few decades of the twentieth century. Only 
recently the group has found it necessary to draw up a paper of incor 
poration as a church body. New ministers, who in the past could be 
confirmed by the council of preachers with every member knowing them 
intimately, will be known less and less intimately in days to com? 
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It will be ТЕГЕНЕ. эр : 
and об трае aee Tm 2: gira өймен 
| (genie еіс Limes en in Hetiete survival. 
ње а Як es 1 тт z адай one of the most serious 
Bat the Майдын е Е, 29 inue 4 existence as an autonomous culture. 
айн ie medi ey - ої subsistence but a perhaps more 
: > a xis between primary gr relati 
ie. will help to bring abad perl pica Оу tpm iy эрэн 
ibis Нь ран ань ae яр ne А Е 3 = t ле more Hutterites 
Nili. nati es they orm, ле larger the number of contaets 
ia Т iaa лла make with the larger American culture. The 
rapidly: than зар and. assimilation is likely to 3nerease even more 
але dA he population. Already there are signs that there are 
ана јин of the fundamental beliefs of their system of religious 
Lane анаан an essential factor in their high true rate of reproduction. 
birth e; € colonies begin to show ш signs of disorganization, 
Бай? Due be a reliable indicator of the rate of change of funda- 
erite beliefs under the impact of competing American values. 


A SOCIAL-PSYCHOLOGICAL THEORY OF POPULATION GROWTH 


The Hutterite Data and the Pearl-Reed Logistic Curve 

men of science and metaphysics 
law of population growth. Of 
guesses. They usually 
official demographic 


те. = Ska than a century and a half, 
Берн = an interest in discovering ü d 
lua ei aeir theories had to be * educated 
statistics ха on qualitative impressions or 
ation et oth types of dafa are inadequate to observe a human popu- 
оға юэ й long period of time under conditions approximating those 
Unique гаса led scientific experiment. The Tutterites have provided a 
S. ери | to test some of these theories and to observe the 
Ide a of population growth under fairly controlled conditions. 
ана conditions of control have been achieved only in the study of 
melan 5: Raymond Pearl experimented with populations of Drosophila 
ing е іп half-pint milk bottles. On the basis of his findings and 
тэ her biological growth data he came to the conclusion bas the 
та тен pattern of human population growth could be described best 
gistie curve. This curve has three characteristics : 


1. ши 
a slow rate of growth at the beginning 


a fast rate of growth in the middle 


3 
` { the end, which levels off and finally 


+ slow rate of growth а 
ecomes asymptotic. 
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This mathematical model was an excellent description of his data, but 
its application to human beings does not necessarily follow, even though 
both human and animal species share certain biological qualities. There 
are some very crucial social-psychological differences. Unlike all lower 
animals, men сап say по to reproduction. There are по celibate 
Drosophila. Human reproduction is an activity carried on within strict 
social rules, which in most cultures are among the most rigid and 
cherished proscriptions or taboos.” 

We were unable to fit a logistic curve to the growth pattern of the 
Hutterite population from 1880-1950, as there was no point of inflection 
on the upper end of the curve. Ultimately, it may well follow such а 
pattern, but our data contain no biological clue that would permit us (0 
predict how long the fertility of this population will continue to remain 
high, when it will begin to decline, how fast it will decline and whethet 
the decline will be continuous. We showed previously that the rate of 
growth was somewhat slower prior to 1910 than after that date. Highet 
mortality and disease rates during the early years probably can explain 
this phenomenon rather than any change in fertility. There also is the 
suggestion of a slight diminution in the rate of growth in the latter 
half of the 1940-1950 period, accounted for by a drop in the age-specific 
birth rate of women age 35-39. In a few more years we shall be able 
to check whether this is merely a fluctuation around the general tren’ 
or whether it is the beginning of an actual decline in the rate of growt™ 
If and when the decline comes, we suspect that it will come despite ? 
further improvement in health conditions of both mothers and children 
It will be caused by a shift in Hutterite attitudes towards birth-control. 
As we show later, some evidence is now available that such a shift № 
outlook in favor of controlled parenthood is in the making. 


"КТЕ И E imal 
19 The big biological and social differences that separate man from lower anime 


forms are considered to be irrelevant by Raymond Pearl for natural human 
population growth: 


. Probably а. real understanding of the problems to which Malthus adresse) 
himself is going to come more from the intensive study of lower forms of life a 
the laboratory, under physically and chemically controlled conditions, than 110 
any manipulations of never 


i i es earl, 
225: 4-5.) quite satisfactory demographic statistics.” Р 


В А ri 
“ Тһе half-pint universe of the laboratory Drosophila, in its quiet incubate’ 
is without doubt a simpler world than that in which we carry on, but ip Bo". 


the great realities of birth and death are th iti oora 
that сої 
(Pearl, 95: 18-19.) е same. And it is these 
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vids Data and Malthus 
ву. Dhare T 
eiii тарлы» iege Nein. often regarded as the founder of 
dency to increase in a pos ы ере ыг а e 
UP. On the pads of what we ratio with each generation (Malthus, 
thought that кое 9 what was happening in the United States he 
nker Resi amis favorable conditions population would double in 
race б 4. every 25 years. ‘Malthus believed that the human 
level. Food ана TE ДШ increasing at this theoretically possible 
He ані + о nis resources could not be increased at the same rate. 
Вис. salarik ~ poverty, war and disease as natural checks to prevent 
marriage я үй He urged abstention from sexual relations and delayed 
үшінгі the ene socially and morally more acceptable alternatives to 
e“ “кез calamity of mankind increasing in numbers until there would 
have ан room only ” on the globe (Ross, "De Rev. Malthus might 
the тін an even more pessimistic conclusion if he could have seen 
faster than ü demographic data. Their rate of growth has been far 
teenth cont » rate whieh Malthus postulated at the dawn of the nine- 
ury. 

our vice, poverty, disease 
vines T Шашу, during which 
their ny he sect’s means of subsistence ha: 
ёоо. mbers. When their ancestors arrived in 1830, there was barely 
colonies mdugy-to keep body and soul: together. Contemporary Hutterite 
ву ги highly mechanized. The people live in well built. homes. 
етке excellent credit. Because of the belief that austerity is a 
are ade E their furnishings, clothes, and food are simple but they 
Public ki ji ат Ко Hutterite ina colony has ever applied for or received 
colony нь ‘are assistance, even during the depression years. The average 
and à va about 6,000 acres of land, with a good water supply, electricity 
Dew ја elephone. It has been able to save enough money to purchase 
every and equipment and to build homes to establish a branch colony 
ни to 15 years. Hutterites, despite their rapid growth, are more 
ous today than they have ever been during the 70 year period 


ader review. 


nor war has been a factor in recent 
their phenomenal growth has taken 
has increased more rapidly than 


Bi 
rth Control Practices 


Birth control is a major factor affecting the demographic pattern of 
ften refer to it as murder. One 


ho engage in the practice 
eds of unborn children 


all m 
i odern populations. Hutterites 0 


Info: 
When warned that “worldly” people У 
ave to face on the Judgment Day the hundr 
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whom they have “killed.” But religious belief alone is no proof = 
practice. Catholics have equally strong theological objections to win 
control, but their fertility in urban areas is becoming more and ci 
similar to that of persons of equivalent education, income, and E. 
status, who have no stated religious objections to planned parenthood.” 

The evidence is good that among Hutterites religious conviction мо 
nuptial behavior correspond closely. The net effect of birth contro 
practices on fertility during the period 1880-1950 has probably been 
close to zero, except perhaps since 1945. 

We have learned of about half a dozen cases where Hutterite women 
were given clear-cut medical advice against further pregnancies because of 
serious hazards to their health. In one instance, the couple decided to use 
effective pharmaceutical measures of birth control. In all other cases, 
they seemed to have been unwilling to assume the responsibility for 
such a * grave sin,” even upon the advice of a doctor. Some asked the 
doctor to perform a sterilization operation. There seems to be no theo- 
logical objection to this procedure because the doctor assumes responsi 
bility for the act. 

This form of birth control is rather unusual. As has been indicated 
previously, the Hutterites are a medically sophisticated people. They 
often consult doctors. In the course of medical examinations bY ed 
physician of the field staff the presence of a number of abdomina 
scars among women over 35 years old was noted. It was his impression 
that the incidence of hysterectomies and other steril ing operation? 
was rather high. Whether this impression is correct awaits verification, 
However, our data does seem to suggest that there may be some effor 


“ан the 
to control natural fertility at this age level. The extent to which th 
recourse to a hysterectomy represents a conscious attempt to ai 


births is, of course, impossible to measure. It is plausible that а сет i 
amount of rationalization takes place in the mind of a 34 yea! 


у раї 
29 According to the findings ої the “Indianapolis” study, almost 90% 0 
e T y 


го 
1,080 couples included in the are; sample tried to control the nn на 
children and their spacing by means of contraception. “ Nearly all of шағ gel 
did not make this effort were * relatively sterile,” for over 98% of the “ relati 
feeund " couples practiced contraception. "There is no doubt that birth 
practices are widely used in both Catholie and Protestant groups, а 
Catholics in general were 18% more fertile than Protestant unions. 
and III.) About two thirds of the couples began their attempts to pla 
at marriage; about half of the remainder began before the end of the 
puerperium.” (Whelpton and Kiser, 750: 253.) 
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mother of 8 childr 3 Ej & А : 
is elective Мы -— 2... 
The Ilutterite taboo is е инок а з чан ДО 

pharmaceutieal birth contral denas The en б : оо 4 
unanimously agreed to by all medi „Досе 8 enes of their use was 
Sitio due LL o by al medieal informants and pharmacists with 
вон 2 po was discussed. "These impressions are strongly 
Tuplus is also 5 " pei Senne уж gem by all парен Coitus inter- 
ый нти n а > sinful. The * rhythm method, which is not 
хааг iiem x pe by the Catholic Church, is neither per- 
lines E = ed. The ls, have no official theological position, 
ан fie members were “not sure that it is right.” It is 
method. (а Я р to about 1940 more than a very few knew of this 
Ihi 7; ле present time, the rhythm. method may be used inter- 
theological y a few couples in some colonies. Hutterites also have no 

gical mandate to have sexual relations. Couples who wish to keep 
ain without fear of committing a clearly 
estimating the effect of abstinence 
y great. 


their fam; : 
re Татү size low may abst 
on о sin." There is no way of 

he ITutterite birth rate, but we doubt that it is ver 


There 1 р 
ere is no economie pressure for planned parenthood. The com- 


4. colony of the sect provides equally for all families, regardless 
кн» ‚л; birth of another child in no way lowers the standard of 
an $3 . he carpenter just makes another bed. The family may be given 
"ЭЙ, a with an extra room and if the mother needs additional 

ehold help, a relative or neighbor comes in to share the work. The 


Colony 
опу pays all medical bills. 


The inti в 5 
he intimacy of personal contact in the primary group structure of 


ты also mitigates against the practice of birth control. Па 
она ae been married for a year without а pregnancy people begin 
ЭЛ i if the husband or wife is healthy. Mechanical or pharmaceuti- 
дано, ces could not be easily hidden from discovery of friends or close 
ks m who come and go freely into any couple's rooms during the 
make hose desiring to practice planned parenthood would have to 
ша“ delibe rate effort to safeguard themselves from discovery, which 
Б in itself be noted quickly. People would begin to gossip about: 


hat do they have to hide? ” 

9 sum up, birth control practi 

Our 21 about 1945, they did not. 

iat ү data indicate that since 
о American values may be hav 


of у : 
Отец in their late thirties. 


ces are generally frowned upon. At 
t influence the birth rate. Some of 
that time the Hutterite accul- 
an effect on the fertility 


Баяр 


ing 
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Population Growth is Influenced by Social-Psychological Factors Within 
Biological Limits 

Women cannot conceive before the age of menarche. They must have 
access to fertile human male sperm. They need about 9 months to have 
a baby. They become infertile after their menopause. But within these 
biological conditions, human values, customs, and socially influenced 
health standards determine the growth of population. 

There is no doubt that individual human beings vary in fertility. 
Some of these variations could have a genetic basis. If they do, the 
Hutterite population should show it. The existence of a genetic factor 
cannot be ruled out, but the weight of evidence of this study indicates 
that high fertility is largely determined by religious values and good 
medical care within a social system which provides high prestige and 
adequate economic support for those with large families. Since social 
mobility is regarded negatively and salvation after death is the most 
cherished goal, unlimited parenthood helps rather than hinders the life 
chances of a Hutterite couple. 


CONCLUSIONS 
An Experiment of History 

The Hutterite population has grown rapidly in a fairly stable pattern 
for 80 years and more, under controlled conditions almost comparable 
to those obtained by Raymond Pearl with Drosophila melanogaster 38 
their “milk bottle universes.” The entire population of 8,542 persons 
including their leaders were not merely passive objects of scientific 
scrutiny. The Hutterites collaborated actively in this undertaking. They 
generously furnished most of the data, made extensive searches of Ди" 
colony records and responded to hundreds of written or verbal inquiries 
Social scientists cannot experiment with human fertility, but historic? 
accident has provided them here with a population which meets mos 
of the conditions of a good ex-post-facto experiment. 

What set of circumstances made this experiment possible? Among ШЕ 
most crucial factors may be the migration of the Hutterites to Nort? 
America where good medical care became available to them. In б» 
fortune they are not unique. In 1953 there were 172 million othe? 
Americans and Canadians on the North American half of the contine? 
who had access to the same facilities. The Hutterites maintain 8 ыг, 
level of fertility, virtually uninfluenced by any form of birth-cont? 
In this also they are not unique. Many primitive populations live 8° 


— em 
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Finally, the ITutterites have a strong primary group cohesiveness and 
а well integrated religiously sanctioned value system, with much emphasis 
on mutual aid. The group guarantees each individual an equal and 
adequate, but austere standard of living, regardless of personal ability 
or fortune. "The Hutterites are not unique even in this characteristic. 
They share these beliefs in Christian community living with many a 
religious order, particularly those of the Catholie Church. What is 
unique is the combination of the three factors. "This combination makes 
the ITutterites appear to be “ tailor-made” for a fairly well controlled 
Study of many human problems, including the social biology of very high 
fertility, 


Be Fruitful and Multiply 

The Hutterites follow to the letter this biblical admonition to Noah. 
Women living in 1950 had on the average a probability B ped = 
children if they were married during their eighteenth year and Т. 


with their spouse through the end of their fertility period. The popu- 


lation was increasing at a rate of 4.1265% per year, or doubling in 
number in about 16 зни At this rate of growth it can be predicted 
that there will be 12,700 Hutterites іп 1960, living in perhaps 130 
Colonies instead of the 93 in existence in 1950. 
The rapid growth is taking place within a relatively stable pirer 
his attribute facilitates a comparison of vital statistics of the group 
Over time, since they are always based on a population which, despite its 
"crease in numbers, remains stable in age and sex distribution. This fact 
Sreatly enhances iis value as a social laboratory. Future studies, in 
which the members might be willing to cooperate, can be made with 
arger and larger numbers of subjects. : 
The rapid cens in population perpetually confronts бв en m 
fhe Problem of maintaining its primary group structure, which «d н 
essential for its survival as an autonomous culture. This is accomp. is ~ 
hrough the process of “swarming » аз the Hutterites аан ond 
Tefer to their custom of establishing а branch colony whenever the 


Population gets much above 100. 


Accent on Youth | | 
There are two ways in which a population may remain шейш 
Youthful. In the “ primitive way” individuals die prematurely ; s - 
“Ми ег о way” there is constant expansion through a very hig! 
th rate, Although in the latter case adults live a long time, they are 
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perpetually outnumbered by successive and increasing waves of children, 
most of whom survive. Over 61% of the Ilutterite population in 1950 
had not reached full adulthood. Such a population could not be supported 
easily in a highly individualistic and competitive economy, where each 
individual and family strives to maximize its standard of living. Through 
group responsibility for each member, llutterites assure security from 
birth to death. 

Young people are not without opportunities for satisfying their 
aspirations, although the Hutterite culture imposes many limitations. 
Many of the goals common to most young Americans are taboo to the 
Hutterites, including such central values as “getting ahead in the 
world ” or a maximum utilization of new inventions designed to increase 
creature comforts. Hutterites recognize that their way of life is what 
they call “a narrow road,” but they teach their young people to travel 
it in order to attain religious salvation. The Hutterite youth have 
opportunities for achieving the aspirations sanctioned by their yalue 
system. New branch colonies are established frequently. This expansion 
provides opportunities for persons who want to be farm ‘department heads, 
managers and preachers. 


Over-all Low Mortality 

Hutterites are a “primitive” population in having a high fertility 
pattern, but are quite modern in their mortality rates. Adults tend to 
live longer than other American whites and Hutterite children under 19 
have a slightly higher death rate. "There is evidence that the sophisti- 
cation of Hutterites about medical care is growing. This probably wi 
reduce the number of juvenile deaths. Since over half of the group “ 
composed of children under 15, a reduction in the death rate of children 
would inerease still further the already high net-reproduction rate 0 
the group, unless this trend is counter-balanced by birth control measure? 


Men outlive their wives 
410 


Unlike the situation in most other populations, Hutterite men ten a 
ша 


outlive their wives. This dramatic reversal of the generalization 
females are the “stronger” sex with regard to longevity is proba 
largely a result of the very high fertility of Hutterite females. P" 
Hutterite women die because of pregnancy or in childbirth but it S 
probable that the frequent repetition of child bearing lowers the!’ 
resistance to morbidity. We do not know if the relationship petwee” 


fertility and mortality is linear and direct. There may be an optim” 


€— 
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m ~ pregnancies which have no unfavorable effect on longevity 
beyond which such effects begin to set in. The implicati Е 
be studied further. 5 plications need to 


Fecundity versus Poverty 
«eas claim advanced by the nutritionist de Castro (52) that the 
2 FG oe of the earth are the most fertile is certainly not borne 
fid на 2 сазе of the Hutterites. Not only are the Hutterites amply 
Nor е heir fertility has inereased since their early days in this country 
ен а was often far less adequate than it is today. The steady 
хыг А fertility coupled with an increasing standard of living completely 
radicts the concept of de Castro, in so far as this group is concerned. 


Fertility Decreases Slowly With Age 

lie us парова fecundity of the Hutterites has been estimated to 
is ба hin the range of 12 to 14 live births for the average woman who 
ЗІ xposed to pregnancy throughout her reproductive period from 

enarche to menopause. 
‘i peak of fertility of the population li 
а live We every 10 women who were marrie 
if th irth, "There was an average of more than th s 
gra a were married during the 20-24 year age span. Fertility declined 
chil res but not rapidly. At 39 one in three Hutterite women had a 
p annually. In the forty-sixth year, only one in ten women had a 
neo? and after that age fertility dropped very rapidly. Nevertheless, 
чэн were 86 chances рег 1,000 that a woman who had lived with her 
ian and between her forty-seventh and her fifty-first year of life became 
other, 
829 high fertility of the Hutterite population js not due to the 
nce of a small number of extremely fecund couples. It is а result 
з, Senerally high level of reproductivity. No Hutterite female had 
: е than 16 children. Nor does the pirth rate reflect an unusually 
Тєв “litter” size, Twins were only about as common as they are in 


16 general population. 


Th 
6 Reproductive Efficiency of Human Beings 
Our evidence disagrees somewhat with that of Raymond Pearl 


lies at the 22nd year of life, 
d between 1941-1950 had 
ree babies per woman 


со E y 
тле pregnancy in families which do not engage 1n controlled 
a nthood practices. Despite the short life span of both the human ovum 


the Sperm, copulation among the Hutterites results in conception 
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with far greater frequency than would be expected from the reports of 
families whose fertility patterns were studied in detail by Pearl. 

The total sterility rate of Hutterites is low. The number of зн 
who had по children at all at the conclusion of their reproductive регіо 
was only 10 out of 240 or about 3%. Both of these facts taken шиний 
seem to suggest a higher rate of reproductive efficiency among humar 
beings than has generally been believed in the past. 


Implications for Aid to Underdeveloped Countries . 

The Hutterite culture is not unique in its positive emphasis on 
fertility. In many parts of the world people believe, for religious ОТ 
nationalistic reasons, that maximum reproduction is a virtue. Areas like 
Japan, China, India and Java are densely populated. Most of m 
inhabitants know nothing about planned parenthood practices. Thel 
religious values are often opposed to such practices. The Malthus’ 
checks of poverty, disease, and malnutrition operate in these areas 0 
keep population growth far below the Hutterite level. 

The United States government is now giving technical aid to шаг] 
of these underdeveloped regions. Agricultural, industrial, and ga 
“ missionaries ” are introducing tractors, penicillin and powdered mi м 
Major famines and epidemics which have reduced population of у 
technologically backward areas, are being gradually eradicated. + че 
Hutterites demonstrate what might happen as these people begin to li 1 
under modern sanitary conditions without practicing birth арр" 
Death rates will decline sharply, but fertility will remain high d 
fairly long period and Sharp rates of growth will ensue. 


Birth as а Social-Psychological Phenome tic 

The birth of a baby is a biological event, influenced by Сар” 
factors many of which are still unknown. Within these limits, 1 by 
probability of birth, survival, and death is very greatly ари 
social and psychological factors. The high rate of Hutterite reproduc 
is facilitated by at least 5 social-psychological tendencies: 


non 


1. The culture puts much positive value on having children; any 
form of birth control is regarded as sinful. ts 

2. The community and its values assure economic support to pare" 
who have as many children as they can biologically conceive. 

3. Hutterites can and are willing to pay for good medical сате- 


Only a very small proportion of the adults fails to get marre 


5. 
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т we : у z 
e is little migration, travelling, marital separation, or divorce 
се една husband from wife during the fertility period. There 
ew occasions when i й i 
хэй married women have no opportunity to 


Найеті ПИН 
an fertility is not equal to the postulated theoretical level of 
у because some of their values and customs work against repro- 


due 


1. 


tion: 


Тана ilius that sex relations prior to marriage are very 
ае an measures are taken to prevent their occurrence, 

g strict supervision of adolescents, strong indoctrination 
of all persons against pre-marital relations and punishment through 
ritual excommunication (the most severe Hutterite punishment) 


of any persons who do have such illicit relations. 


9 
8. нез я : " : 
utterites believe that no one can be married prior to being 


to mature adults, 
appreciation for 
tized before they 


baptised. Since baptism can be administered only 
who show a satisfactory understanding of, and 
the Hutterite creed, few boys and girls are bap 
Teach the age of 19 or 20. 


8, 5 5 Е s 
Hutterites believe it is * good ” for a girl not to marry * too early." 


T В à : 
he reasons given for this attitude are numerous such as “I do 
„ 


Dot want to leave my family too soon » or “ When you get married, 
E is so much more work for a girl.” Between 1880 and 1905, 
1 Е median age of marriage for 78 females was about 19.5 years. 
n 1950, the median age of marriage of all women then living was 
22 years. 
ng are isolated instances of sur 
uction to protect a mother’s health. 
may already be coming into use particularly 
35 years of age. They have not had much impact on fertility as 
yet, but may become a factor in future population growth. The 
tendency for a reduction in the frequency of sexual relations with 
Mereasing age, which has been noted in other populations, may 
also exist among the Hutterites. It may always have had an effect 
Оп keeping their fertility below the theoretically possible level. 
iefs have changed little during the 


gical interference with repro- 
Certain birth control practices 
among women over 


Th з 
е essential core ої Hutterite bel 


Past ~ 
technol years, a period during which the sect has adopted many of the 
gical inventions of its neighbors. Up to now, Hutterites seem 


Te 
Verse the general tendency of that human терго 


duction to decline 
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with the increasing diffusion of modern technology. But the pressures 
of the American environment are beginning to have an effect (Eaton, 
259). New values which might effect fertility are competing with the 
old standards. Hutterite women talk on occasion about the advantages 
of “ worldly? mothers, who can enjoy life by not being burdened by 
“too many children.” The limitation of family size is increasingly 
urged by some doctors for reasons of health. 'These pressures are rarely 
sufficient to overcome the Hutterite belief that any form of birth control 
will lead the user to eternal damnation. The cohesiveness of the group 19 
still strong. However, as the acceptance of these competing social values 
increases, Hutterite fertility is likely to decrease. The two factors ате 
closely related. Hutterite fertility may give a positive indication of 
major changes in the basic values long before these changes lead to апу 
break-up of a community. 
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OSSIFICATION IN A CENTRAL AUSTRALIAN TRIBE * 


BY A. A. ABBIE AND W. В. ADEY 
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INTRODUCTION 


о я Е Р 
far as can be discovered, there is yet no account of times of 


ii бча ә in the Australian aborigine. The present study, despite 

Р us defects, thus gains some interest from that point of view. 
M ed observations are confined to the members of the Ngalia tribe, 
with a very few pure or mixed offspring of neighboring iribes. 
s all assembled as a single economie unit in and around the 
Vernment Settlement at Yuendumu, some 200 miles northwest of 
e Springs. The *aliens" in the group were not detected until 
аре 1, were checked later. They are indicated in Table Т and are 

гээн In s results because they show no peculiarities. | 

People тан (238) has pointed out that ossification times differ from 
© people and place to place, and are subject to the influence of 


ork is based was collected on a University of 
rgely by grants from the Wenner- 
ew York, and the 


+ 
т х 
аде material upon which this w 
Ten р © anthropological expedition financed la 
Sundation for Anthropological Research, Incorporated, № 


ni М 
Versity of Adelaide. 
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a number of environmental variables. Whether there are, in па 
really significant differences between different ethnic groups still rema 
to be settled, however. | = 

It is not pretended that the picture presented here is есен 
of the aborigines as а whole. Even given a common hereditary ан 
cation pattern there remains ample scope for substantial differsne | 
between these people of the relatively arid interior and those of, $2; 
the more luxuriant north. The present series itself may not be — 
geneous from the dietary point of view. The group came under gem 
ment care only recently. Consequently, while the older members does 
their early childhood on a purely native diet, the younger have enjoy? : 
in addition, access to European food supplements, together with some 
measure of pre- and postnatal care (see Campbell and Barrett, 753). "Р 

Disease may affect bony maturation (Harris, 799). This possibility 
is not considered here, mainly because of ignorance of the local net 
diseases. Yaws (frambesia) must be fairly common, even in ps 
judging from the incidence of “ boomerang " ог “ saber 7 tibia (рів | 
1, A), but its effects on growth are unknown. There was по evidene 
in such people of interference with ossification times. s 

The number examined were relatively small and age estimations У zh 
sometimes uncertain. Consequently, the findings are presented = 
some reserve. It is hoped that they will stimulate the аниа" 
more extensive and better equipped investigations on as many ot 
tribal groups as is still possible. 


MATERIAL AND METHODS 


The x-ray apparatus employed was a Watson Victor М1 an 
Power was supplied by a petrol-driven field generator and a рої ~ 
transformer. The films were 8 inch X 10 inch “ Kodarex ” which req" | 
no intensifying screen. Exposures were mostly at 30 kv. and 10 
milliamps for 2 to 5 seconds, at a distance of 30 inches. Apart 119 
field check, development of the films had to be deferred until return 
Adelaide but the results were almost uniformly satisfactory. 

Because of limitations of time and material, radiographs уко 
stricted to the wrist-hand and ankle-foot regions. Both sides 4 
radiographed simultaneously. АП the subjects also underwent 2 
anthropological and dental examination. [t 

Age estimations presented some difficulty. Only in the case 9 
very young were there any reasonable records. Even then the 


e те 
ere 
ull 


he 
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TABLE I: AGE INCIDENCE 
[MALES | FEMALES 

- 1 (Sweeks) 
1 в ши.) 


1 (16mth) 


1 (mth) 
1 (гаг) 
4 (20mth) 
1 (09 mth) 
3 


Pintubi 
( шн 


(Aranda 
1 (кама 


cally. 


т J 
This lad was very precocious physi Е 
Е Foot phalangeal epiphyses 


Nclosed group is that used for study о 
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room for an error of several days since, frequently, babies are born while 
their mothers are on bush excursions, and memory for dates soon fades. 
All age estimations were checked by such external evidence—mainly 
physical, and particularly dental—as could be secured. Even with the 
greatest care, however, there sometimes remained room for error of up 
to some months. 

The excellent kindergarten and school organization on the settlement 
secured a maximum attendance of the available children from 3 to 11 
years of age. On the other hand, there is a regrettable shortage at both 
ends of the series. The youngest female was 3 weeks of age but the 
youngest male was 8 months. Obviously, it is misleading to regard 
these two ages as comparable, but when a center appears before 3 weeks 
they must be put in anachronistic juxtaposition when trying to establish 
a terminus a quo. There were sufficient adolescent females to provide 
a reasonable terminus ad quem for that sex but most of the adolescent 
males were out hunting or away in employment, leaving only 2 very 
precocious lad of 14 years and another—probably more typical phys 
cally—of 16 years. 

In dating the results it must be remembered that if a center is 
already present it must have appeared at an earlier stage: this is indi- 
cated by the sign < before the age given. Only occasionally was 2 
center caught at a rudimentary stage that could fairly be assume 85 
close to its first appearance. If any epiphysis had not fused at the 
maximum age in the series it was assumed that it would fuse later: 
this is indicated by the sign 7» before the age. In the case of epiphyses 
of metacarpals, metatarsals and phalanges it was possible to determine 
before complete fusion whether the Secondary centers were proximal Of 
distal. After fusion, of course, such distinction is sheer assumpto 
is, indeed, the postulation of any epiphysis at all. Complete fusion was 
recorded only when all trace of an epiphyseal line had disappeared. : 5 
is later than the standard adopted by Greulich and Pyle (750) and may 
set back the apparent time of fusion. However. it se » only У" 
of being certain that fusion is ae шилэн 4 

The series comprised 27 males, including 3 of mixed parentas® FA 
31 females of whom 2 were pure Pintubi (a neighboring tribe)- је 
age incidence is shown in Table I. й 


п as 
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ЕЕ 


ГЕ | м | 
18-19 уг5.| — 
18-19 yrs.|6-7 yrs. 


Fusion 
unate | Scaphoid] Trapezium 


ге | M | 
416 mths.| > 16 yrs. 
. | 216 yrs. 


SUPERIOR EXTREMITY 
Мпа |45 yrs. [< 5 yrs 


TABLE IL: Distal Radial and Ulnar Epiphyses 


Appearance 


<20 mths. 


Radius 


| 


Trapezoid 
Mult. Min. 


iLunar | Navicular | Mult. Ма). 


n the Left hand only. 


d 


F = fusion. 


appearance. 
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RESULTS 
Superior Extremity 
Distal radial and ulnar epiphyses (Table 11) sa 
Radius In the male the distal radial epiphysis had not appeare 5 
17 months (single case) but was present at 20 months (single ae 
Fusion was not complete in the lad of 16 years. In the female 


epiphysis was bilaterally present at 16 months (single case). en 
was incomplete at 18 years but complete in the woman over 19 years 


Ulna In the male there was no trace of a distal ulnar epiphysis к 
3 years. The series did not include a 4 year old male but the epiphy E 
was well developed bilaterally at 5 years. In the female, the pe 
was absent at 4 years, present at 5 years. Fusion appears to be abou 
the same time as for the distal radial epiphysis. 


in 
These times are not markedly different from those found ! 
Europeans. 


Carpus (Table III) 


The order of ossification of these bones betrays no ресшіагійе 
although there is always some inter-variation between trapezium Ут 
trapezoid. In the present series one case (No. 2: Pintubi Х Ngalia ee 
aged 9 years) showed apparent retardation on the radial side са, 
hand only), with the trapezoid ahead of the trapezium (plate 5, p 
Another case deserves mention. This (No. 56: a Ngalia male, и 
3 years) showed bilaterally a peculiar center which could be interpre or 
as either a proximal, additional, epiphysis for the second metacarp? ; 
as a slightly ectopic—and precocious—center for the trapezoid (Р 
TB). 

In all instances the female appears to be ahead of the male, y 
in the appearance of a center and in its maturation as indicate hile 
“facetting,” and the development of special characters. Further. : 
in the male the pisiform center appeared at about the same ye 
the sesamoids opposite the head of the first metacarpal, in the - 
the pisiform was 3-4 years ahead of the sesamoids. от 

No other peculiarities їп the way of extra or ectopic centers 
bipartite bones were noted. The times of appearance of most 0 
centers lie within the recorded European range. However, өр 
quetrum is earlier, as is the appearance of carpal maturation 
compared with the figures given by Greulich and Pyle (’50)- 


oth 


Ч 
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Metacarpal Epiphyses (Table IV) 
4 4. primary centers were present in the youngest child examined, 

emale aged 3 weeks. Epiphyses for the first metacarpals were all 
all distal—with the possible exception 
iscussed. There was no trace of any 
iation and the only sesamoids seen 
first metacarpal (flexor-abductor and 


proximal, those for the remainder 
of the second (No. 56) already d 
supernumerary digit or other var 
Were those opposite the head of the 
adductor sesamoids) . 

The time of appearance 
earlier than in the male. 
on Pyle give generally earlier times) 
and those of the first and second metac 
Male time of fusion here appears ahead of Europ 
same as European, but the instances are too few for assurance. 


of these centers in the female is consistently 
Against most European standards (Greulich 
all the epiphyses in the female 
arpals in the male are precocious. 
ean, female about the 


Hand Phalangeal Epiphyses (Table V) 
An юэ the primary centers were present in the youngest child examined. 
ent he epiphyses observed were proximal ; there was none extra or 

opie. In both sexes in both hands the epiphysis of the second 
Phalanx of the thumb was earlier and always larger than that for the 


first phalanx (plate 1, В, С). 
эм female adolescent series gave t 
inf al: proximal : middle. The males were 
te “арга in this respect. As with the metacarpals, 
si Е ahead in appearance and behind in fusion, 
stricted. 
Miss times of appearance of these epiphyses lie within the European 
in m as given by Greulich and Pyle. The times of fusion may be earlier 
he males and later in the females, as compared with Europeans. 


he general order of fusion as 
too few to supply much 
the female seems 
but the series is 


Inferior Extremity 
nkle region were taken in the antero- 
lantar-flexed. This secured the maxi- 
some instances the lower end of the 
1 bones and obscured the 


М radiographs of the foot-a 

Ши т position with the foot р 

tibia coverage ” per film, but in 

Pictu a fibula overlapped the hinder tarsa 
re in that region. 


Di (5-4 
istal Tibial and Fibular Epiphyses (Table VI) 


Tibia In the male the lower epiphysis was already present in the 
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INFERIOR EXTREMITY. 
TABLE МІ: Distal Tibial and Fibular Epiphyses. 


Ге | 


Tibia 
Fibula 
9 May have appeared at 16 months, but that plate was obscured in this region. 


TABLE ҮП: Tarsus. 


Calcaneum} Talus | Cuboid |Cunciform |Cuneiform | Cuneiform [Navicular 
05 Calcis |Astrasal I I ТП Scaphoid 
|< : 

seKi4 yrs.|C 


M M wie |u| | 
Ка ка (20 (5-4|09 (5-4(29 
пи ул ме, тїз. | yrs. [mths.| yrs. 
7 5 
9 Just appearing. 


Note: Metatarsal М. styloid. Male at6-8yrs. Female at 5-7 yr9: 


TABLE IX: Foot Phalangeal Epiphyses. 


K в 


Per. Lon 
mothe 
6 


App.|4 3 yrs. K3-Ayrs. 
Fuse 
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youngest examined—8 months. In the female the center appeared 
between the third week and the fourth month. In both sexes time of 
fusion was about the same but was obscured by the overlapping referred 
to above. 

Fibula In the male the lower epiphysis was present before 20 months. 
In the female it may have been present at 16 months, but the radiograph 
for the individual of that age was obscured and the next—3 to 4 years— 
is the earliest that can be cited. Time of fusion appeared to be about 
the same for both sexes but estimates are subject to the same limitations 
as for the tibia. 

These figures show no clear-cut sexual distinction. 
both bones fall within the maximum European range as given by 


Meschan (751). 


In both sexes 


Tarsus (Table VIT) 

The fact that the major centers for the caleaneum and talus were 
already well present in the youngest child examined (3 weeks) supports 
the contention that these centers—as in Europeans—appear before birth. 
Tn the same child the condition of the cuboid was consistent with the 
View that its center appeared at or just after birth. The navicular falls 
Within European extremes. The order of ossification of the cuneiforms 
18 an accepted variant but the times are early. Maturation, as indicated 
9Y characteristic seulpturing and the appearance of distinctive features, 
18 generally earlier in the male but otherwise there is little sexual 

ifferentiation. 

There was no evidence of a special center for an os trigonum on the 
talus, an epiphysis on the calcaneum or the tubercle of the navicular, 
nor were any unusual centers discovered. The female aged about 19 


Years had bilateral tibialis posterior sesamoids. 


Metatarsal Epiphyses (Table VIII) 

present in the y 
the first metatarsal was alwa 
No ectopic or extra centers were 
for the tubercle (styloid 


All primary centers were oungest child examined 
(3 weeks). The epiphysis on ys proximal 
that on the remainder always distal. 
observed and there was no separate center 
Process) of the fifth metatarsal. 

" Taken all round, the female may be : 
q pearance of these centers but there is little evi ; 
Or the fifth metatarsal. The times are close to those gi 


ahead of the male in times of 
dence except, perhaps, 
ven for Euro- 


214 А. A. ABBIE AND W. R. ADEY 


peans. Fusion appears to be earlier than in Europeans in the male, 
later in the female, but again the evidence is scanty. 


Foot Phalangeal Epiphyses (Tabie IX) 

All primary centers were present in the youngest child. 
could be determined the epiphyses were proximal except for a possible 
variant in the little toe, mentioned below. In the big toe in both sexes— 
as in the thumb, but to a lesser extent—the epiphysis of the second 
phalanx appeared earlier, and was always larger than the epiphysis © 
the first phalanx (plate 1, E, Е). 

Table IX gives times of appearance and fusion for all the epiphyses 
of all the toes but it should be emphasized that not a single foot attained 
this ideal. In both sexes in all feet both phalanges of the first 106, and 
the first phalanges of all the other toes, behaved in “ text-book > fashion: 
However, the middle and distal phalanges of the second, third, fourth 
and fifth toes were subject to considerable variation. This is shown 11 
Tables X and XI. Here the age group is chosen to ensure inclusion of 
all epiphyses likely to appear (Table I). The males (aged 5 to 12 years) 
and females (aged 4 to 13 years) are approximately equal in numbers- 

It will be noted that from the second toe laterally there is а Pt” 
gressively greater tendency to suppression of epiphyses in the middle 
and distal phalanges (Table X). Either phalanx, or both, may 5 
soles but the middle is affected more than twice as often as Ше 
distal. It is also apparent that the incidence is much greater in t 
females in whom more than half had all 4 lateral toes affected 88 
more than three-quarters had at least three toes involved. The male; 
on the other hand, more frequently showed involvement of only ыг 
or two toes. 

In neither foot of either sex was there a little toe with its 
complement of bony elements. Moreover, the bones present varied СОР" 
siderably in size and shape and often bore little resemblance 10 им 
primary от secondary centers (plate 1,D-L). Such bony fragmen 5 
are best referred to as ossicles. The maximum possible number of sue? 
ossicles in the distal two joints would be 4: in fact, in no little 
were more than three observed, two was the commonest number; 
one alone occurred occasionally (Table ХІ). There has evidently p 
Some suppression (or, possibly, very premature fusion) of some сепібте 
but exactly which is not always clear. Thus the middle of three 08810 а 
may, apparently, behave like the epiphysis of the distal phalao* ° 


So far as 


full 


g” tibia 
"zoid ог 


ВО. Boome 
(өріс tra 


‚озш 
С. шша 
n. БШ Биш тай side of 
) as у. aged 9 
Е Тілес sieles im шие 
E one есінен in little t 
5. Ons ossicle in litle toe | 
T Още ів in little toe. 
b Two ‘os "de in little toe. 
The в sssicles in little on 
ШЭНЭ three fig : 
ка ad is not бийг : 
2 The н neces: 
pro: 
1 хина] ossiele 
i, тохта] ‘insta asic ын the 
Те distal ossiele еа 
les пъ e in th 


Scrutiny of fi 
our nu figures D to L 


ther, (This is much 


Ngalia boy 


ars. 
азе of second metacarpal. No. 26. 


| putting trapezoid ahead of trapezium, №. 2, 2 galia X 


of ossicles in 


to illustrate the that deficiency 
maturation у 
ves the appe: 
lin boy, ане т ye 
appearance of 
| К. 


apresenting the middle and 


the middle and dis 


y. aged 7 ye 


E 


b 


suppression in 


ommon th 
lifferent grades 


ши 


diseluses many ‹ з of ерірһузе: 
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fuse with that ог. more commonly, act as the diaphysis of the middle 
s (plate 1. К.1). 
ts but a 


phalanx and treat the proximal ossic Ле as an epiphy 
That. at least. is what examination of these radiographs sus 


longitudinal series would be necessary to be sure in апу one case 


А point of interest is that these osseous changes in the fect were 


nearly always symmetrical. 


SUPPRESSION OF BONY ELEMENTS IN FEET 
of 18 Males, aged 5-12 yrs. and 19 females, aged 4-5yr 


TABLE X: Number of Toes Affected. 


5th Only |5'h & 4th | 5, 4th | 5th | 4th 
а 3rd 3'4& 274) Uncertain | Totals 
M E FIMIPEIM|FI|MILE.- 
3 2 18 | 
5 10 2 


TABLE XI: Number of Phalanges Affected. 
Suppression of Epiphyses 


Phalanx| M|FIM|FIMIF only 
2 о 
5 0 0 


Middle | 0 | 3 9 
5 


Both 4 2 3 
0 | e| ! 


See text concerning 5'^ toe, 


Distal 


DISCUSSION 


151008 


эх ite х » “оғ Г я 3 г 1 
Despite some unfortunate gaps in the evidence а few сопе 


| display 


of interest emerge. In the first place. the times of ossificatiot ni 
by the aborigine lie within the total European range ая go 1 
standard works by Quain (13). Frazer (33). Buchanan С) M 


(49), Greulich and Pyle (750). Cunningham (751). Mest m i he 


and others. The most that can be said for the aborigine 
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This would be in line 


usually falls into the earlier part of the range. 
earlier dental 


with Campbell’s (725) observations on the generally 
maturation in aborigines. 
Most writers emphasize that in any ethnie group the female both 
begins and ends ossification earlier than the male. The figures for the 
aborigine generally support the contention for an earlier start in females, 
but what evidence there is suggests a later finish. Here, however, the 
facts are so scanty that it would be unwise to insist upon the reliability 
of this interpretation. 
_ One of the most striking results of this— 
38 the almost complete absence of a wide range 
tions as described for the European foot (see, e. 5. Wood Jones, ?44). 
In default of any positive evidence for specific ethnic peculiarities, 
attention may be directed to what seems to be the most interesting 
outcome of this study, namely, the evidence for “ degeneration "or 
“recession ” on the lateral side of the foot. Tt is something of an article 
of faith that such a process is occurring in the European foot, but details 
are hard to find in standard works on anatomy and even in books devoted 
entirely to the foot. ‘These all seem to contain an underlying assump- 
tion that the full number of bony elements is the rule and that eM 
deficiencies of the moment are the result of delay, to be repaired in time. 
owever, Flecker (732) has shown that this is not necessarily the case. 
For urban children of mostly European parentage he reports а condition 
very similar to that deseribed here for the aborigine, and with the same 
heavier incidence in the female. 
When it receives any attention at all, this suppression of osseous 
elements in Europeans is usually attributed to the effects of civilized 
existence and, particularly, footwear. The greater female incidence has 
беп considered confirmatory evidence. But, the fact that the same 
Phenomenon appears at an equal intensity, and with а similar ЭН m 
exeulpates both factors as possible agents. The рг0098 о 
© part of a common human heritage, associated with increased emphasis 
= the medial side of the foot in the interests of stability. = ium 
ensity in females may reflect special stresses imposed by the bro 


pelvis ànd associated bony adjustments. 


admittedly limited—survey 
of possible bony varia- 
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SUMMARY 
ы " a ЖҮ kle- 
1. This paper records the radiological condition of the wrist-hand, an 1 
| - > 2 ИИ ы weeks 
foot regions in 58 Central Australian aborigines of ages from 3 v 
to 19 years. 


го 


The study as a whole disclosed no ethnic peculiarities. на 

Е : “өнө п 
3. Ossification falls within the time range assigned to Europeans 
usually towards the earlier rather than the later limit. 


Би ох : 5 я imilar 
4. An account is given of phalangeal “ degeneration 7 in the foot si 
to that found in Europeans. 


ACKNOWLEDGEMENTS 


We are deeply indebted to Mr. Langdon, Superintendent of = 
Yuendumu Settlement, and his wife, to Mr. and Mrs. Stafford, іш 
schoolteachers, and to Mr. and Mrs. Fleming, the missionaries, for а 
invaluable help in collecting data. Dr. T. D. Campbell and Mr. Mur! 1 
Darrett supplied dental information for age assessments and Miss 
Walsh has prepared the tables and illustrations. 


LITERATURE CITED 
BUCHANAN, A. M. 1949 Manual of Anatomy, 8th Ed., Ed. by F. Woo 


London. 


CAMPBELL, T. D, 1925 Dentition and palate of the Australian abor 


Adelaide Publ. No. 1 under Keith Sheridan Foundation. 
CAMPBELL, T. D. AND M. J. Barrerr 


aborigines: a chan 
Feb., pp. 1-6. 
CUNNINGHAM, D. J. 
London. 
FLECKER, Н. 
of epiph 
Frazer, J. Е. 


а Jones» 
iv. 
iginal, Un 


ian 
on Australi? 


1953 Dental observations J pent» 


aging environment and food pattern, Aust. 


газ» 
т. 6. pras 
1951 Text-Book of Anatomy, 9th Ed., Ed. by 9. 


e 
сагай 
1932 Roentgenographie Observations of the times of em 
yses and their fusion with the diaphysis, J. Anat., 67: 1 


ndon: , 
1933 The Anatomy of the Human Skeleton, 3rd Ed., ТО! illis 


wh 
Gray, H. 1949 Anatomy, 30th Ed., Ed. by Т. В. Johnston and J. 

London. pevelo?" 
GnEULICH, УУ. W. Ахр $. 1, PYLE 


1950 Radiographic Atlas of Skeletal 

ment of the Hand and Wrist, Stanford Univ. 

Harris, H. A. 1933 Bone Growth in Health and Disease, London. 

Jones, F. Woop 1944 Structure and Function as seen in the Foot, A 

МЕБСНАХ, I. 1951 Ап Atlas of Normal Radiographie Anatomy, р! slog 

Quan, J. 1915 Elements of Anatomy, 11th Ed., vol. IV, pt. 1, Ost? 
Arthrology, by T. H. Bryce, London. 


au 


FACTORS OF DOSAGE AND HOST DETERMINING 
ANTIBODY RESPONSE TO SECONDARY 
ANTIGEN STIMULUS * 


BY JOHANNES IPSEN, JR. 


Insti s 
istitute of Laboratories, Massachusetts Department of Public Health, 


SECONDARY antigen stimulus, according to Glenny and Süd- 


а a Гец парни the injection of antigen into an actively 
18 не нв. my “арк | The active immunization may be due to natural 
о artificial immunization with the same specific antigen. 
not show evidence of such previous treat- 


The indiv; 
individual may or may 
in the serum. The effect of a 


eo Рае ої specific antibody 
of а кесі Ашын is a distinctively higher immune response than that 
ues nary stimulus, Smaller doses of antigen are necessary to pro- 
those needed for a primary response. 

vas primary stimulus, however, is preferred in assays of the relative 

у of toxoids, because greater uniformity of response is expected 
Population s; p In field trials of toxoids in human 
and попі samples, one 18 often faced with a mixture of partly immune 
ің КА het = individuals, 80 that the interpretation of the response 
essential үн Accurate information of previous immunization is often 
follows or a reduction of the variability through covariance. The 
me n attempt to evaluate the importance of 
i d their contribution to the variation 


а secondary response, than 


Tom 5 
à non-immune population. 


и Ing presentation is ат 
asur n 8 
юз га е independent variables an 
ЁС дату : 1 
ondary response in human beings. 


Re кБ 

Meas. Sponse is in this work measured by 
asur : 

urement of immune response. Other response measure 


the antibody titer which is one 
ments such 


= 

on 1, he experiments were conducted under the sponsorship of the Commission 
n $ В + + + 
munization, Armed Forces Epidemiological Board, and were supported in 


Part 
‚ы Under contract with the Office of the Surgeon General, Department of the 
У. Presented at the Third International Conference on Biometrics, Bellagio, 


Ita] 
У, September 2, 1953. 
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as percentage of survivals or percentage of skin reactions . ша 
toxin, are less informative since they have the limitations of а сәкі all- 
reactions. A fundamental relationship between antitoxin p (23), 
or-non-reactions has been well substantiated recently by По 
and Cavalli-Sforza (747). рт 
The discussion is limited to the antitoxin titer at a certain time PA 
the antigen injection, which approximates the time of maximum perra 
'The quality of the antitoxin which recently was subjected to omen юм 
by Jerne (751) is also omitted from this discussion, where ашы nd 
simply denotes the highest dilution of a serum which neutralizes ёс m 
dose of toxin to a certain end-point reaction. Since the titers wir 
uniformly determined throughout the assay, this study deals with нені 
parison of response, where the absolute value of the response 18 — за 
tant. The notation of the titers in Antitoxin Units per ml (AU) } 
conformity with present convention. А and 
Titrations were performed in mice with constant toxin doses 
serial 1:2 dilutions of serum. | dary 
For a complete analysis of the factors determining a given wen zi 
response the following variables must be included in the experimen 
each must be varied over a sufficiently wide range. 


„r the 
l. (y) The dependent variable which is the titer found pad 
Secondary stimulus. Use of logarithm increases the шин rge! 
dasticity of the system somewhat, but there is a tendency 0418 
error at smaller antitoxin levels. 
9. The independent variables are: also 
а. (2) The size and potency of the secondary stimulus 


transformed into logarithms, Judes 
Е * Р тоа Ч inc. 

b. (22) Intensity of previous immunization, which time 
the dose and potency of earlier antigen exposure and 


elapsed since it was administered. 


auda енер di 
с. (v) Pre-immunization titer, i. e., the antitoxin titer 


нате 5 . ів give: 
individual immediately before the secondary dose i$ 8 


to 20 
d. (z,) The inherent ability of the individual to react цай” 
antigen stimulus. This factor can only be assigne teris 


tatively to groups of subjects with given species charac 
or some somatic abnormality. in 
e 


The immunization history, 1 the 


? th 
the pre-immunization titer ий al 
herent immunizability together form the immune status. Rarely 
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нь 18 available ina human field study. Accurate knowledge of 
ie e and size of previous injection is often missing, so that sub- 
divisions such as З number of injections,” “ time since last injection,” 
ete, are the only measurable qualities. The pre-immunization titer is 
sometimes considered a unique measure of the immunization history. 
Although а high titer suggests effective previous immunization, low titers 
or titers below the measurable limits may represent all sorts of immune 
status including the so-called “ non-immune ” where an antigen injection 
The uncertainty as to whether 


w mss : 
ould provoke a primary response only. 
case of diphtheria than of 


» person has primary immunity is larger in 
tetanus, since natural immunity is possible in diphtheria while artificial 
immunization is the only possible way of acquiring tetanus immunity. 
Immunizability is measurable as a group phenomenon rather than as 
an individual characteristic. It can be shown that animal strains of 
various genetic composition require different doses of antigen to provoke 
и response. Thus, we have been able to show that two pure inbred 
be 8 of mice differ 12 times in the amount of tetanus toxoid necessary 
oes 5096 primary immunity to challenge with tetanus toxin. 
Steerer differences were noted in guinea-pigs with respect to diphtheria 
nizability (Prigge, 35; Scheibel. 43). 
: с. influence of inherent immunizability i 
Ystematic research. The experimental data to be presented afford an 
°PPortunity to analyze the four components of primary dose, pre-immu- 
“энээ titer, secondary dose and inherent immunizability in a group 
mae men. Tt was possible to conclude that primary dose and оці 
а Dio е were interchangeable measurements and that immunizability 18 
perty which is more pronounced in secondary response than in 


© 
Primary response. 


on secondary response needs 


EXPERIMENTAL DATA 
signed to assay the relative potency 
Е four aluminum precipitated toxoids. The subjects were inmates of 
пе Wrentham State School, Massachusetts, of which 128 young men, 
15-25, were selected because of no previous history of tetanus 
of gation, which was furthermore confirmed by the fact that none 
he subjects showed measurable antitoxin in the blood before the test. 
асћ of the four toxoids were given in either of two doses, 0.1 ml and 
“5 ml, respectively. These eight treatments were repeated 4 weeks after 
е first injection, but the individuals were distributed according to an 


8 й Р 
X 8 latin square with the primary injections forming one axis, and the 


The experiment was originally de 
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TABLE 1 
Primary (v) and Secondary Titer (y) (in log antitowin 4-8) for 128 Individuals, 


by Primary and Secondary Dose of Tetanus Тотой 


PRIMARY DOSE OF TOXOID 


Toxoid C 


Toxoid B 


Toxoid A 


SECONDARY 
DOSE OF 
TOXOID 


(ml) 


> 
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20 10 23 0.1* 0.1* 
2.6 2.0 


0.17 3.37 01 17 0.1 


0.1 


0.2 


0.1 


© 


0.1 2.9 
01514" 
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0.41 3.27 


0.1 


2.0 1.6 


3.2 
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ЭБЭ 
-ісі 
* 
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Эн, 
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2.3 


14 


3.2 
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2.2 
1.3 
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04 3.2 


1.0* 2.6* 
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3.2 


ж 
ЊУ 
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3 
2.0 
2.6 
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0.1 
0.1 
0.1 
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9 
9 
3.6 


0.1 
0.1 
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1.6 

7 
1.9 
13 
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ө: 
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0.1 
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* 
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0.7* 2.0* 
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© 
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ї Dysendocrines. 
(0.00125 AU). 


* Mongoloids. 
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ОД indicates values less than lower Y 
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secondary injection forming the other axis. Thus all 64 combinations 


of primary and secondary injections were given. (See table 1.) 
The columns of table 1 contain the antitoxin titer (in logarithms 


plus 3). In the left hand part of each column (v) are those titers deter- 
mined 28 days after the first injection; in the right hand part are the 
titers 14 days after the secondary injection (у). 


RELATIVE POTENCY OF DOSAGE 


A previous report on these data, (Ipsen, °53A), dealt with the esti- 
mate of the relative potency of these four toxoids, which had also been 
assayed in both mice and guinea-pigs. The potency estimates were 
obtained from this assay in humans by construction of reaction curves 


relating primary response (v) to dose of toxoid. 
ANTITOXIN 


UNITS PER 
ML, SERUM 


TOXOID A тох00 8 тохо/0 C ТОХО Е 


0.1 


0.05 


0.02 
0.01 


0.005 


0002 


0.001 


а 05 ML. 


а as а 
Curves oF Four TETANUS 
(PRIMARY RESPONSE) 
ace Toxoid B as the most potent, 
d E as the least potent. The 
hold when the secondary 


Тохошв IN HUMANS 
Fig, 1. REACTION 


т =. reaction curves clearly pl 
охоїй C of average potency, and A an 
Same potency relationship was also found to 


responses were related to the secondary dose. | 
of the groups which т 


4 In this particular design each 5 
ary dose consisted of individuals who had the same 


eceived a secon- 
verage primary 
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immunity status. Hence, no correction for primary immunity is neces- 
sary for the estimation of relative potency based on secondary tepon: 

The eight treatments can now be placed in order of relative potency 
as indicated in table 2. It should be noted that the potency order or 
the same four toxoids was found to be identical to that determined in 
mice and in guinea-pigs. 


RESPONSE ТО SECONDARY STIMULUS WITH TETANUS TOXOID 
ANTITOXIN 
ours PER ім 128 HUMAN ADULTS 
МЕ. SERUM 
Р” TOXOID A TOXOID 8 p Toxon c E TOxOID Е 


ыг 0.5 01 05 0.1 0.5 01 о 5 ME 


Fre. 2. Reaction Curves or Four TETANUS Тохотв (SECONDARY RrsPoNSE) 


TABLE 2 
Mean Primary and Secondary Response, by Potency of Towoid Dose ^ 
Relative І, ти 
: elative Log Rel. Primar Secondary зрор? 
Toxoid ^ Dose Potency Potency Number Response Number Response m 
= 0. 
Е 0.1 ml 1.0 0.0 16 0 
7 0.10 1.79 4 
А 0.1 ml L6 02 16 "EL i 2.27 0.00 
с 0.1 ml 32 0.5 16 0.213 14 2.49 0.36 
E 0.5 ml 50 — 07 16 0.400 14 2.16 0.43 
A 0.5 ml 8.0 0.9 16 0.475 18 2.48 0.57 
B Olm 80 09 16 0.550 16 2.61 0.51 
с 0.5 ml 16.0 12 n 
B 0.5 ml 40.0 1 


3 16 0.888 17 2.84 0.47 
6 16 1.150 18 825 — 


* Mean titer of group before secondary dose was injected. 


Жм 
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ON ANALYSIS OF PRIMARY AND SECONDARY DOSAGE, 
DISREGARDING IMMUNIZABILITY 


КЕСКЕ 


For the biometric analysis, we shall use у (log. secondary antitoxin 
titer) as the dependent variable, and let the above logarithmic relative 
potencies substitute for г. and z, as measurements of the primary and 
secondary dosage. 

Before assumptions сап be made as to primary immunizability, а 
multiple regression analysis was performed with linear and quadratic 
terms of a, and z and their interactions. Only three terms were found 


TABLE 3 


Matrix of Sums of Squares and 
Sums of Products of Deviations from Mean 


128 Observations 


8 EN ата & 21; у 
b 24.91 
5% 30.40 11.25 
Өлі 23.04 22.24 
т 1.80 24.00 12.31 
ue 0.38 17.68 20.39 -2.24 
2 100.2437 
Means олтв 0150 0280  -0125 -0120 2.507 

2 т zv qu £T, P 
Е 31.56 24.91 
в -0.21 4611 12.79 
de 15.07 34.21 42.42 15.02 
ar -2.95 7.39 413 9400 12.31 

не -8.12 5.60 2.20 17.68 20.39 -2.24 
Means 0818 от 0377 -0.125 -0190 2.507 
50 Observations (v larger than 0.1) 

2 т E т, 20, y 
ý 12.83 5.03 
A -1.59 16.25 0:96 
б 12.07 10.96 24.13 3.88 
Ма -1.59 3.38 1.01 7.92 1.69 
z -1.65 3.81 0.86 7.45 8.39 0.40 
а 18.3442 
Means 0.806 1090 0841 -0040 0.064 2.746 
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TABLE 4 
Analysis of Variance 
Primary Dose (2,), Secondary Dose (z) and Immunizability (ту) 
Component Sum of Squares D. F. Mean Square 
Total 12) 100.2437 12] = 
Regression on 2 19.6615 1 
Additional regr. on т, 4.0898 T 
— interaction тұс 3.2442 
73.2482 124 0.5902 
Additional тест. on a, 7.5678 1 
— interaction тұ: 4.5401 1 
Remainder 61.1403 122 0.5011 
Primary Response (v), = and T, 
Total (у) 100.2437 127 
Regression on 2 19.6615 1 
Additional regr. on v 3.6398 1 
— interaction vz 4.2811 1 
72.6013 194 0.5800 
Additional гейт. on а 6.5125 1 
— interaction ге 4.9122 
Remainder 61.2366 122 0.5019 
50 Individuals Having v Larger Than 0.1 
Total (y) 18.3442 49 
Regression on z 1.9693 1 
Additional терт. on v 1566 1 
— interaction vz 1.3829 1 1.1320 
Additional regr. on а .5786 1 
— interaction ге 1.5727 1 
Remainder 12.6841 44 0.2883 


SS Ал о“ 
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si Ynifio: 7 . А дк 
gnificant (see table 4, Analysis of Variance) so that a preliminary 
expectancy equation was computed. 


у = 1.243 + 0.8701, + 1.2862 — 0.667 x22 > >> (1) 


on the basis of the matrix of sums of squares and sums of products of 
deviations. (sce table 3). 

The fit of this expectancy for the overall sample of 128 individuals 
was next tested for smaller groups. Since the inmates of the institution 
represented a great variety of constitutions, it was pertinent to investigate 
mee of the individuals in categories of their somatic and 

al diagnosis would reveal any group which deviated in response 


fro е i izabili 
m the overall expectancy to suggest abnormal immunizability of the 


group. 


TABLE 5 
pected Means for Ten Diagnostic Categories. 
quation (1), Disregarding 
2), Including Group 


Observed and Ет 
Expectation from Би 


Inherent Immunizability, and from Equation ( 
Immunizability 


DIA Equation (1) Equation (2) 
xr ris Number Observed Expected “ Student's " Expected “ Student's ” 
“GORY п Mean Mean i Mean ee 
Undifr ; шаг > м 
н diff. imbecitity 44 2.49 —0.04 254 —0.43 
amili 
E Milial morons 31 2.65 4-0.70 2,59 4-0.43 
oe nerv, syst. 
" nalformations 5 2.90 2.76 +0.41 2.77 +0.41 
el and other 
" ects 6 2.60 2.27 + 1.03 2.36 +0.83 
Sychosis and mental 
эу eficiency 6 2.20 2.52 22108 2.56 --1.26 
St. 
Po t-traum. idioey 6 2.82 266 40.40 212 +039 
St-infect, idiocy 4 928 240 —0.30 255 —0.49 
102 2.56 259 4051 256  —0.09 
M - 2 
лено 21 2.08 249 —2.04 2.07 4-0.05 
Ysendocrines 5 3.18 2.23 +2.52 3.15 +0.11 
і 2 — (Obs-Exp)?n. a Ee 
sa 54 4 0.5011 
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an for ten major 
Table 5 shows the observed and expected group mean phos ad 
4 нэгд which were classified by the medical staff of the ins 
cate; | ги 
before the immunization program started. 


г 


OBSERVED 


AU. 
PER ML. ч 


1.0 3 


0.1 2 


0.01 І 


«000125 ол 


2 3 Y 
EXPECTED SECONDARY TITER 


X "ENDOCRINES* 
* MONGOLOIDS 


Fic. 3. OBSERVED RESPONSES оғ 21 MONGOLOIDS AND 


де DYSENDOCRINES ” IN RELATION TO VALUES 
EXPECTED FROM EQUATION 1 


While the observed titers 
agree well with expectancy 
deviated to the borderline 
have a too low response, а 
excessive response, 

A further analysis of the devi 
two groups show that dey 
high expectancies give a 


" У " 15018; 
of eight categories, composing 102 pe chic 
equation (1), there are two groups maa) 
of significance, Mongoloids (21 Lam an 
nd “ dysendocrines > (5 persons) sho 

zhin the 
ations from expected values within * 


е 
на ies, УП 
lations are largest from low expectancies, 
ceptable fits, 
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That mongoloids have less immune response than other individuals 
is evidenced in studies by Siegel (48). The group * dysendocrines ” is 
not a well defined one but since it seems to represent an immunological 
antipode to the mongoloids, it is worth including it in an analysis of 
immunizability. 

Since the two abnormal groups have approximately the same numer- 
ical deviation, the immunizability can be tested as a linear regression 
by assigning the factorial тр = + 1 to the dysendocrines, z; — — 1 to 
the mongoloids, and r, — 0 to the remainder categories. The matrix 
of table 3 contains the significant components ; others were also tested, 
such as the interaction літ, without giving additional information. 
The significance of the factor x, and its interaction with 2 is brought 
Out in the analysis of variance. Table 4. 

With the solutions of the regression coefficients the expectancy equa- 
tion now takes the form: 


У = 1.549 + 0.6362, + 1.0012 — 0.435222 + 1.1972, — 0.8722,2:-. (2) 


Equation (2) can be rearranged in the form: 


Y = 1.549 + 0.636(1.88.7, + 25) + 1.0012 — 0.4352(2.002, ++ та): · (8) 


Which indicates that the inherent factor т, has about equal additive 
effects to the dual functions of the primary dose 2: one of increasing 
the Secondary response, the other of decreasing the regression of the 
Secondary dose z on the response. 

The different contribution of the primary dose and of the immuniz- 
ability is clearly shown in Figure 4 which presents the observed data in 
relation to the ‘expected regression lines of y and z for four groups. 

The upper line represents the expectancy for the 5 dysendocrines who 
Teceived an average primary dose of 2; == 0.76, which inserted in equation 
(2) together with 2, = 1, gives 
у = 3.26 — 0.2002. ` · (4) 

The lowest line represents the equation for the mongoloids, where 
Te == 0.67 and r, — — 1 leading to 

y = 0.719 + 2.1692. - · (5) 
пе expectancy for two primary dose 


The two intermediate lines are tl 
for 


levels of the 102 “normals,” of which the upper is the expectancy 
Mdividuals with relative high primary dosage (те == 1.14) and the 
West line represents 55 persons with a lower primary dose (22 = 0.33). 
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The equations are, respectively : 


y = 2.274 + 0.5052 · · · (6) 
and 


у = 1.759 + 0.8512... (7) 


SECONDARY RESPONSE AT VARIOUS LEVELS 


OF IMMUNIZABILITY 


LOG. TITER 
¥-3 


0.0 


© DYSENDOCAINES 
-20 x 'NORMALS* 

+ 'NORMALS* 

o MONGOLOIOS 


05 07 09 72 16 


Z* LOG. SECONDARY DOSAGE 


Fig. 4. SECONDARY ВЕБРОХ 


SE OF THE VARIOUS IMMUNITY LEVELS, 
RELATED то SECO. 


NDARY Dose 
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DIFFERENCE IN IMMUNIZABILITY AT PRIMARY STIMULUS 


The difference in the two somatic groups amount to about 2 X 1.88 
= 3.76 in terms of log. primary dose as estimated from the secondary 
response (equation (3)). ‘This means that the mongoloids would need 
about 5600 times more potent primary stimulus than the dysendocrines 
t ни to obtain the same responsiveness to secondary stimulus. 
Mdb pee is in contrast to the difference in inherent immuniz- 

Phe news as зе estimated 1т0ш the primary response. 

wing data are available for the response (v) of the three 
groups after the first injection, and are presented in table 6. 


TABLE 6 


Primary Response in Three Groups of Different Immunizability 


Group ” н Average Percent with 1 Mean Primary 
экы: Number Primary Dosage Measurable Antitoxin Response (v) 
“Normals " 102 0.77 41.2% 0.521 
Mongoloids 21 0.67 23.8% 0.229 
Dysendocrines 5 0.76 60.0% 0.880 
Difference іп Immunizability 

0.35 + 0.31 0.79 = 0.40 


Mo i 
ngoloids уз. Dysendoerines 


(in s i 
terms of primary dosage) 


ceable, but hardly signifi- 
the difference is nowhere 
the secondary response of 


ям difference in primary response is noti 
"wn. and even with the large error involved, 
ear : 
àr the extreme difference of 3.76 found from 


the two groups. 
This diserepaney between estimates of immunizability obtained by 


LN and by secondary response needs further study, which we are 
о кої ОЭЖ- x : 
W pursuing in inbred mouse strains. (Ipsen, 7588). 


NSE TO SECONDARY RESPONSE 


mation of both inherent 
on is necessary to form 


RELATION OF PRIMARY RESPO 


i foregoing analysis showed that inforn 
ван Unizability and of the primary immunizati 
mates of the response to а certain secondary dose. 
а question now arises whether the primary response gives enough 
mation of both the primary dose and the inherent immunizability, 
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so that the primary response can be used as an efficient covariance to 
ry response. : 
i сети used in the analysis was the same as used аңа» w 
the primary response (v) is used instead of the primary dosage (Te - 
Those primary titers which were below the limit ої measureme 
were assigned the value 0.1 (as indicated in table 1). | E 
The matrix of sums necessary for the multiple regression analysis 
is found in table 3. The solutions of the regression coeflicients and the 
means lead to the following expectancy equation: 


y = 1747 + 0.567(v + 2.0721) + 0.9172 — 0.49%2(v + 1.042) - - - (8) 


This equation has almost the same form as equation (3) with insig- 
nificant difference between the coefficient of 2, and v. It is partieularly 
noteworthy that the coefficients of 7, are of the same magnitude in both 
equations. The analysis of variance (table 4, lower part) shows that 2% 
and v give almost equiv 


alent information, while the components of zi 
are of same order of magnitude. 


In other words 


: В “ГЭЭР t 
за given primary antitoxin titer reflects the amoun 
of previous e 


xposure to antigen but it does not prediet the full extent of 
the response to a secondary stimulus. 

Since only 50 of 128 individuals had measurable antitoxin after the 
first dose, it is possible that the relationship expressed in equation (8) 
is biased because of the 1 


arge number of v values which have been 
assessed the limit value of 0.1. 


Tn those persons where the prim: 
of the inherent immuniz 
However, the equ 


ary titer can be measured, the effect 
ability might be included in the primary titer. 
ation obtained with these 50 individuals has the form: 
y = 1.61 + 0.79(0 + 1.802,) 4 127; — 0.822(v + 134m): -. (9) 
which is not significantly different from equation (7) obtained from all 
128 samples. 


The analysis of variance (table 4) shows that the components due 
to т, are at least as important as those due 


: à : to v. Hence, it is conclude 
that inherent Immunizability is а function which is independent of the 
primary response. 


DISCUSSION 


In the attempt to analyse the varial 
response, the proced 
ponents. The true 


les which influence the secondary 
ure has been restricted to analysis of linear co™ 
functional equations are probably exponential {апе 


> 
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tions with curves tending toward asymptotes at high values of the 
respective yariables. Such functions not amenable to explicit regres- 
Sion analysis, and no increase in information was obtained by adding 
higher terms of a polynomial expansion. The three measurable папи ак 


(2) potency of secondary dosage 
(т.) potency of primary dosage 
(v) antitoxin before secondary immunization 


lation to the secondary response. The 


were all found to have some re 
all or either of the 


correlation, however, vanishes at high values of 
variables. 
It was further possible to re 


which deviated from the general expectancy 
This discrepancy is ascribed to inherent factors, 


While the primary response barely disclosed 
as significantly noticeable after 


'eognize two somatic groups of individuals 
in positive and negative 


directions, respectively. 
termed immunizability. 
deviating immunizability, the factor w 
secondary stimulus. | 
Because of the inhomogeneous с 
this study it is highly likely that other individuals than t 
and the mongoloids have deviating inherent immunizability ; however, 
these groups were the only ones which could be separated а priort on 
the basis of the available information. Other categorization, such as 
blood type, was tried with no result. 
ы. ays based on secondary response 
obstacles than assays based on primary response. 


haracter of the population used in 
he dysendocrines 


are feasible, but they meet 


The testrictions are: 

1 give significant regression of 
assed “small dose ” depends on 
the animal species used. are of reasonable mag- 
nitude, which appears from this study of tetanus toxoid and from 
that of Edsall, Banton and Wheeler (51) who worked with small 


Secondary doses of diphtheria toxoid. 

2. Individuals with high immunity status give les 
Sponse, i. e., rise in titer after the secondary dose. 
3. Individuals with no measurable immunity may be of two cate- 
Ботев, previously immunized or not immunized. These inseparable 
Categories yield widely different results, and immunization histories 


are necessary for efficient interpretation. 


Я : 
l. Small secondary doses only wil 


response on dose. What should be cl 
In men, such doses 


з significant те- 
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i ga i izability intro- 

mogenei р г regard to immuniza ^ p 

4. Inho gene ty of the group КЬ ith r £ : се 
duces ап important variable, which can rarely be determined a prior, 


i i i istinct 
except in pure inbred animal strains. This variable is most dis 
after secondary stimulus. 
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INBREEDING COEFFICIENTS OF THE RAMAH 
NAVAHO POPULATION 


BY J. N. SPUHLER AND CLYDE KLUCKHOHN 


ü Institute of Human Biology and Department of Anthropology, 
niversity of Michigan; Departments of Anthropology and of Social 
Relations, Harvard University 


INTRODUCTION 


NY discussi : : — 
Y discussion of inbreeding should distinguish between two senses 
in whie ; ; ; 
Ёо) e whieh the term has been used: the social, and the biological. 
ally aki ] 3 5 
ally speaking, we may refer to g, that is, to mating 


whic} endogamic mating 
еп 9 HAB "NP я " 
не occurs within the limits of а socially-defined category, such as а 
1 Хэ ) à 

munity, a clan, a caste, or a class. 


refers to the mating of individual Жа ie 4) 
eestor. 1 ж во uc ividuals with 2 1 201 а gica 
аазы nbred individuals are offspring of genetic relatives and 

ті 5 1s the mating of genetically related individuals. 
Waste Hd consequences of inbreeding and endogamy may differ. 
y small, endogamous and isolated human populations are not 


necessari 2 4 2 
sarily highly inbred. The degree of inbreeding in many natural 
з slight compared to that characteristic 


xperimental animals. 
о shall be concerned with 


as noted, with endog- 


a 
уран | local populations is sli 
ті gs typical for some domestic and е 
ВИНА чије the remainder of this paper У! 
g in the biological sense, and not, except 


Е the social sense. 

8 и paper describes the types, and gives a measure of the degree, 

1948 "d in the Ramah Navaho population ВА of September first 

sorta ok number of estimates of inbreeding coefficients based on various 

Ена cousin marriages are available for human populations (see the 

of all me in Neel, et al., ^49). Measurements of inbreeding for relatives 
egrees, for a total human population seemingly have not been 


Publisheq heretofore. 
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INBREEDING COEFFICIENTS 


Wright (29) developed a coefficient of inbreeding that gives (for a 
population) the departure toward complete homozygosity from the — 
zygosity expected under a system of random mating. This coeficien t 
a direct measure of the average effects on zygosity due to inbreeding 
expected from the pattern of mating in any given pedigree, population, 
or population segment. Wright’s coefficient has the great advantage (not 
present in others, e. g., those of Pearl, 713, nor Krizenicky, 23) that 
the degree of inbreeding in an observed genealogy, however complex ОГ 
irregular the pattern of mating, may be compared to that observed or 
expected under any regular system of inbreeding. In this way theoretical 
models, and the results of experiments, become useful for interpretation 
of human population data. 

In analysis of the Ramah Navaho data, we found it convenient to use 


the following definition of the inbreeding coefficient, i, identical with 
that of Wright (to = fo): 


i= X(/2)(1— i, 
where п is the number of steps (the path 


i in 
from parent to offspring) ! 
a loop of descent closing on an inbre 


d individual 0, i4 is the i of 2 
common ancestor A, and summation is over all loops terminating in 0. 
If A is not inbred, the coefficient is reduced to 


io = X (1/2), 

The quantity i, may һе considered 
individual with one given autosomal 
common origin at the given locus. 
ikely fraction of all gene pairs to 
important to emphasize that the с 


as the probability that an inbred 
gene will possess two genes 9 
Also, i, may be defined as the most 
consist of homozygous pairs. It 18 
ocfficient as used here is relative 10 
the average zygosity of a random-bred population. If p is the frequency 
of a gene, and (1—p) — q is the frequency of its allele, the average 
heterozygosity of a population for the pair of alleles at equilibrium wil 
be 2pq. The value of р and Ч, of course, may vary with different ge?° 
pairs in the same population, The population effect of inbreeding 00 
zygosity is to make the Proportion of heterozygotes < 2рд, and Чин 
he proportion of homozygotes > p+ а. Шы 1 
Something of the genetic meaning of i, is illustrated in figure 
where AA’ represents the genotype of a common ancestor. The prob- 


n 
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| REBDING COEFFICIENTS OF THE NAVAHOES 297 
ability that this i | | | 
di at this ancestor will pass gene A to his child is 1/4 ikewi 
а that he will pass gene A’ is ar poer рин 
3 Жер А 4 e. Г e ay 

и мы вий of the loop with a probability (1/2), на Дете 
он Е probability (1/2)?. Thus the probability that 0 will 
е ржы, шэг! АА is (1/2)*. But gene A’ may pass over 
тн aths (and 0 be of genotype A’A’) мій robability. 

8 the factor 2 in the coefficient: харшлах 


бе i, = 25[(1/2)° + (1/2)7] =2(1/2)°. 
; Ш more general terms, 
р 4 ЭХ (1/9) + (1/2)м| = 2X (1/2) = ZQ/2) 
ете лу, is the numb | i я 
па the number of steps in the left side of the inbreedi 
number in the right side, and n = "nz + nr шилэн 


а р а 
т ap ag ip я 
а % s аг > 
я о С З 
"v ж 
(2) e 


Fig. 
E | р 
е IAGRAY ^ d 
оного TO ILLUSTRATE THE GENETIC Basis OF THE INBREEDING 
сан con Ix THE PEDIGREE ON THE LEFT INDIVIDUAL 0 IS INBRED; 
г PEDIGREE ON THE RIGHT INDIVIDUAL 0” 1s Хот INBRED 


Th ЕСТЕ 
funi жәйі ation and genetic significance of ij, =f is discussed in 
е ul : Pe; 751 ). Li (48), and Ludwig (44). Wright derived 
ernstein's Pan inbreeding (0) Әу the method of path coefficients. 
and Moshinsky ) coefficient, a, is identical with f of Wright. Haldane 
Shown а ai (89) give an algebraical derivation. Malécot (48) has 
Probability + = general formula for f may be obtained directly from 
an лы ы Using matrix methods, Fisher (49) has proposed 

Di аян = зувчате which is identical with [—loge(1 =й. 

апа ты hod of Haldane and Moshinsky, the relationship of fathers 
ore 8 (parents of the inbred jndividuals in question) is classified 
g the parents and the inbred individual 
h expressions as: for full 7-th 
а for half r-th cousins 8 times 
being summed over all in- 


ach inbreed; 

> and ен loop connectin 
e у: сар” 

Cousins 9 е of i, is found by sucl 

Temoved “нэр removed i, = 277778" ап 

== 9-2r-s- Р 

о = 9-?г-в-%, the values of the to 


Teedin 
€ loops that contain 0. 
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9 
i is i i ure % 
Calculation of the inbreeding coefficient is illustrated in fig 


i ibshi Ramah 
i ighly inbred sibship of the 
ich is the pedigree of the most highly in | с сена 
Sean eee, In this pedigree 6 different inbreeding ee нис 
М 0 and his 6 different common ancestors. The value of ah oe 
i the 6 loops is shown in the figure, their sum totaling .0977. 


76077. = 
зе = 2 


j = 0.0977 


Fig. 2. DIAGRAMS то ILLUSTRATE 
COEFFICIENT, 
Баман Nay 
INBRED INDIVIDUAL AND His 6 
Бор Dors. 


THE CALCULATION OF THE ig 

THE PEDIGREE оғ THE Мовт INBRED БІВБНІР OF THE 
AHO POPULATION 18 SHOWN ON THE UPPER LEFT. « BY 
COMMON ANCESTORS ARE За oie 
Тив 6 INBREEDING Loops CONNECTING тив INBRED 


«gg IN 
ү LINES 
G AND His Common ANCESTORS ARE SHOWN ny Heavy 1 
THE REMAINING 6 DIAGRAMS 


SPRIN 


value is a measure of the 
value may be checked by cl 
mother and summing the 
following the method of H 
related in three different 
first cousins once removed, 
the sum of these values be 
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degree of inbreeding of individual 0. kc 
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з pr on the inbreeding coefficient assume that the 
EL E їн autosomal: Roughly 9566 of human gene loci are 
ен я à mining 566 being sex-linked, holandric, and partially 

~ inked, (Spuhler, 48). Haldane and Moshinsky (739) and Wright 
hn) ди ашып the definition of the inbreeding coefficient to cover 
кою араласын loci. Calculations of the inbreeding coefficient for 
Бэ Я — been S for the Ramah population and will be 

ater paper. i мај 

рожа але i m пе data of the present paper pertain to 


THE ВАМАН NAVAILO POPULATION 


n tede ud Navaho are a local group of Navaho Indians residing 
ай Atha - y of Ramah, west central New Mexico. The Navaho are 
= 2. people who have lived in the American South- 
Аи i 1,000 A.D. Unlike the Anglo-American, Spanish 
rale бийг E I ueblo peoples of the area, the Navaho do not concen- 
of biologi 5... into villages. Rather, the community is composed 
ми | г families (or more usually such families combined into 
widely в тер with matrilineal descent and matrilocal residence) 
Pa Ma um im groups of small houses or hogans. The Navaho sub- 
жа tern is a combination of sheep-husbandry and dry-farming 
distant ani The closest Anglo-American towns are Gallup, 42 miles 
3,000 in nd about 11,000 in population, and Grants, 60 miles away and 
kl Population. 
Бйр. ‘uckhohn and Leighton (746) 
Tides the Navaho, with some emph 
he Їїнийг and Spencer (740) provide a comprehe 
The ho literature up to 1940. 
Moved El at Ramah was founded about 1 
e у ас о the area to hunt and farm. They 
Present рові Zuni Indians, but they occu 
establish, “ирээ American, Mormon and а Texan 
те оаза d The Ramah group was reestablished soo 
is, in t rom U. S. Army captivity at Fort Sumner, 
h ne decade 1870-1880. 
e Ramah population is i 


give an introduction to the anthro- 
asis on the Ramah people; 
nsive bibliography of 


890 when a few families 
were preceded there by 
pied the area before the 
> settlements were 
n after the Navaho 
New Mexico, that 


Concentrati solated geographically from the larger 
Arizona ations of Navaho in northwestern New Mexico and northeastern 
includin, The Ramah group lives in an area of about 18 by 29 miles 

8 some 505 square miles of which about 230 are Navaho-con- 


300 J. М. SPUHLER AND CLYDE KLUCKHOHN 


trolled. Three other Navaho communities are in the general region, 
one 25 miles to the north, one about 50 miles to the east, and one about 
75 miles to the southeast. There has been some biological interchange 
between the Navaho local groups. m | 

On September first 1948 the Ramah group totaled 614 individuals, 
giving a Navaho population density of around 1.22 persons per пое 
mile. Roughly 600 non-Navaho individuals occupy the same ша 
{mostly Anglo-Americans, Spanish Americans, and Zuni Indians) with 
a total population density of about 2.40 persons per square mile (see, 
for brief additional information, Kluckhohn and Griffith, ^51). 


CULTURAL FACTORS IN NAVAHO MATE SELECTION 


The explicit cultural regulations on Navaho marriage are mainly 
defined negatively. Thus in the case of the Ramah Navaho, one may 
not marry: 

1) a member of one’s own clan, 

2) a member of one’s father’s clan, 


3) a member of a clan © linked 


? to one’s own clan, 
4) 


a member of a clan * linked > to one’s father’s clan. 


The Ramah genealogies show 4 violations (out of 399 known mar 
riages) of the first prohibition, 5 of the second. Transgression of the 
third and fourth regulations are more frequent but cannot be enumerate 
exactly because of disagreement among the Navaho themselves as 10 
which of the clans should be considered * linked." In any case violations 
of these types are not as such biologically significant except perhaps at 
quite remote generations for which precise data are not available. 

The existence of matrilineal exogamous clans among the Ramah 
Navaho does make for outbreeding, both because marriage with ae 
cousins on either side is Specifically forbidden (but 4 sibships in the 
population have been produced by first cousin matings) and because; 
at Ramah, all members of the same clan (with a few exceptions) can а 
shown to be genctic relatives. Tn general, it may be said that the effc 
of clan and clan-group exogamy is toward a wide selection of та 5 
within the local population and toward the procurement of mates m 
outside communities. Tt tends toward forcing genes from other Navaho 
groups, other Indian tribes, Spanish Ахраб, and Anglo-America? 
to be spread widely (and, in the Ramah case, thinly) in the populatio? 
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(Of the 317 fertile matings shown in the genealogies, 35 or 11.1% 
involye a mate from outside the Ramah population.) To some extent 
also, the cultural interferences with mating tend to cancel one another. 

Clan membership may turn out to have other consequences for the 
Senetie composition of this population which we are not prepared to 
demonstrate at present but which we hope to treat in later papers. We 
Пт call attention merely to the varying numerical composition of 
Ramah clans and to the faet that marriage between clans does not 
occur at random. 
| Of individuals in the genealogies whose clan membership (or non- 
Navaho affiliation) is definitely ascertained, 779 are included within 
the 4 largest clans in this area, 9706 are included within the 6 largest 
(вее Kluckhohn and Griffith, 751, p. 405 Е, for a survey of the com- 
Position as of September first 1948; data presented in that paper and 
іп the present section overlap but also supplement one another). That 
ів, all marriages of individuals from 15 additional clans plus those of a 
Yaqui Indian, a Walapai, a Laguna, а Spanish American, an Anglo- 
American, and 8 Chiricahua Apaches account for only 3% of the total 
marriages, 

TABLE 1 
$22 Ramah Navaho marriages classified by clan membership 

of the spouses 


Clan B С р Е F G H I Total 
A 31 39 20 21 14 в 2 9 148 
B - 25 301 10 8 2 1 83 
с = № 4 7 5 - 16 47 
D а 10 9 2 - 7 32 
Е 2 8 1 = 3 12 


Told а 64 19 45 46 18 З 41 322 


Of 399 known marriages (317 of these produced sibships and are 
analyzed for inbreeding in this paper) almost 88% are included within 
Marriages of members ої the 5 most numerous clans with each other and 
With members of 4 additional clans. Table 1 shows certain preferential 
tendencies for clans to exchange members in ways not determined by the 
System of linked clan exogamy. For example, 24% of the marriages of 
clan A members are with clan С members, whereas 14% is expected on 
8 random basis in proportion to numbers of available adults. Preference 
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is even more striking in the case of the 16 matings of clan C with clan I 
members. The clan I column has another interest in that it is not a 
“native” Ramah clan. These marriages, except for two in the founding 
generation, represent the securing of mates from other Navaho BLONDE: 

Additional cultural factors in mating, though not explicit regulations 
are: permissible stepdaughter marriage (5 known cases in the history 
of this population); permissible polygyny with strong preference for 
sororal polygyny; easy tolerance of divorce and re-marriage and indeed 
minimal interference with sexual activities not constituting culturally 
defined “ incest"; some practice of the levirate and вогогаге ; approval 
of cross-generational marriages in both directions—i. e., older women 
also marry younger men with some frequency ; tendency for repeated 
exchanges between biological or extended families in marriages (е. 8» 5 
man is more likely to marry the sister of his brother's wife or cousin's 
wife or the sister of his sister’s husband). 


THE DATA 


Our calculations of inbreeding coefficients have been made from data 
summarized on a large genealogical chart showing the relationship and 
matings of 1118 members ої the population during 8 generations 
(counting the initial, « founding ” generation as one). The time period 
covered by the genealogies—as opposed to the present outbreeding popu 


lation which has existed as such only since about 1870-1880—is from about 
1820 to September first 1948, 


This genealogical chart was compiled 
by Clyde Kluckhohn, Katherine Spencer, and J. N. Spuhler, and а 
by Ann Tulloch. the chart is too large to ne 
it in the Peabody Museum, Harvat 
| man Biology, University of Michigan.) 
The population data basic to the Ramah Navaho census and the 5227 
ealogical chart were collected and Worked up by members of the Ramah 
Project of Harvard University, especially Clyde Kluckhohn, Katherine 
Spencer, Janine Chappat Rosenzweig, and Nan Stoller. Individual pedi 
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RAMAH NAVAHO MATING TYPES 


Table 2 is a summary of the incidence of 62 different mating types 
observed in the Ramah population. Sixty-one of these mating types 
involve inbreeding, and of these 17 types involve matings where the 
parents are related іп a single way, 44 types involve matings where the 
parents are related in two or more ways. 


TABLE 2 


Incidence of 62 mating types by sibship and siblings for 4 generations 
of the Ramah Navaho Population. See text for details. 
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TABLE 2—Continued 


RELATION 
OF MATES 
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TABLE 2—Continued 
RELATION GENERATION | % oe 
OF MATES P ù 5 6 т 8 Totals рор-% 
5 I S 1 8 г 5 т в i ав) 
а) (2) (3) (4) (5 (6) (1) (в) (9) (10) (11) (19) (18) (14) 7 
39 
47. F2CIR T 4008 = 1 8 2 = - 1 8 0. 
F3CIR 9 ” 
48. F2C1R 1008 = = 6 $ 2 аша gy q м 
нас 11 
Росов 8 
4» H?OIR 8 000 - = . . гра т 3 0406 
F3C1R 9 
H4ClR 19 
БОНИ 8 шо - = s sy Dan p м 
F3CIR 9 
ЗЕНИЦЕ (8408) = = о ~ o y $ 2020: 8 10 
НЗСІВ 10 
52. ЕЗС 8 004. - s . . |» 1 _ _ 1 1 0.060 
нас n 
53. F3C 8 .0042 эг. E ч ы 1 2 0114 
НАСІВ 12 
54. НЗС 2998 — TPT pe ana у 0 088 
НЗСІВ 10 
ай s 029 - = - . g 8202 9 в 0198 
10 
“ел (Ы = 2 2 2 1 à» 22 qp og Н 
Н4018 12 
2 
57. H3CIR 10 005800000 jo 02 
нас 11 ҚОЖ, сез З 
нес 7 72 
58. DF3CIR 8 (197 = Бо ов + 1 і 4 
H3CIR 10 С 
H20 7 
59. НЗС Шок s 2 3200 1 1 1 0144 
F4C 10 be 
нос 4 3 
60. ЕЗС 8 0140 _ L з 05 
H3C 9 шень: g 
РАС 10 
HICIR 6 6 
61. кос 6 049 - _ _ _ із | 8 ЯҒ 
F3C1R 9 = = 
РАС 10 
: я 000 
Totals, inbred matings 13 68 46 191 58 151 6 13 193 423 100 
62. “Unrelated " 0 47 204 68 293 39 68 1 1 155 496 
Totals, all matings 50 272 14 414 97 219 7 м 278 919 
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In column 1 of table 2 a serial number is assigned to the various 
mati "Des 9: di ‘ 5 2: 
ating types. Column 2 gives the 7 relation of mates" for each type. 


n ( і : t . H 
The following abbreviations are used in this column: 


А — Aunt №! — Niece 
C — Cousin R — Removed 
D — Double U — Uncle 
F— Full 1— First (or, preceding R, Once) 
G — Great 2 — Second (or, preceding R, Twice) 
H — Half 3 — Third 
Ne — Nephew 4 — Fourth 


For example, * DIL4CIR ? means “ Double Half Fourth Cousins Once 
Removed.” 

| Column 3 gives the power (р) of the exponent fixi 
tion of each type of parental relationship to the inbree 
For example, КІС (Full First Cousins) contribute (1/2) 
cient (as explained above). 

Column 4 gives the contribution for autosomal loci of each type of 

mating to the coefficient. ‘This is the sum of (p) over each of the 
Various sorts of relationship (or, over each inbreeding loop) between 
the mates involved in each mating. For example, in mating type 18, 
t= 0.0977, which is the sum of (1/2)* -+ (1/2)* + (1/2)%. | 

| Columns (5-12) in table 2 give the incidence of inbreeding by sib- 
ds (S) and by individuals (I) in generations 5, 6, 7, and 8 of the 
x2 population together with the totals (columns 13-14) for each 
t ating type, and the proportion (column 15) which each inbred mating 
Уре contributes to the population mean inbreeding coefficient. 


Table 2, then, gives the distribution of all inbred individuals by 
sibships containing 


aa d type and generation. There are 123 inbred р р + 
© o dividuals; No inbreeding is known for депе. ко 
fou lé population, although the genealogies of the secon > Е + : 
3 tth generations are established in fine detail. There are а on 
“лс Sibships with 199 offspring in generations 1-4. ord е 
е ips involved in the case of the 14 members of generation 

Хасйу established. T 

15, айей in generations 5-8 are 496 * unrelated ? EN эн 
iff outbred > sibships. There аге, thus, a total of 278 matings i : 
Тити types in generations 5-8. These matings produced a total 0 

offspring. 


ng the contribu- 
ding coefficient. 
4 to the coeffi- 
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Inbreeding Coefficients of the Ramah Navaho Population 
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Table 3 is a summary by generation of the inbreeding coefficients 
of the Ramah population, with information on all generations since the 
founding of the population. | 

Some particular value of the inbreeding coefficient may have at least 
4 different referents (Ludwig, “44; Wright, 761). It may refer to: 
(a) an individual, (b) the offspring of a given mating, i. е. à sibship, 
(c) a generation, or (d) a breeding population. Table 2 gives the raw 
data for determination of the first three of these sorts of referents. 
Table 3 summarizes this data in different form and gives information 
on outbred matings of generations 1-8. | 

Information is presented on 316 matings which produced 1118 off- 
spring in 8 generations. 193 of these matings were outbred and pro- 
duced 681 offspring. The remaining 123 matings were inbred and 
produced 423 offspring. 
| The range of the inbreeding coefficient for individuals (or full sibs) 
is .0010 to .0977. The mean coefficient for all inbred individuals for 
Senerations 5 through 8 is .0175. The mean coefficient for the popu- 
lation (generations 5 through 8 only) is .0080. The mean coefficient 
for the entire population since the foundation (generations 1 through 8) 


is .0066. 


GRAPHICAL REPRESENTATION OF THE POPULATION 


Homogeneous coordinates may be used to represent a Mendelian popu- 


lation (de Finetti, 727. Haldane and Moshinsky, 39). The frequencies 
of n genotypes which occupy à single autosomal locus may be represented 
by a point within a regular simplex in (n — 1) dimensional space 
where the perpendiculars of its n bounding planes are coordinates whose 
Sum is unity. "Thus the population frequencies of the three genotypes 
(= AA + y Aa + zaa = 1) formed by a single pair of autosomal alleles, 
A and a, may be represented (fig. 3) by a point P in an equilateral 
triangle YYZ, where т, у, z are the perpendiculars from P оп YZ, XZ, 
and XY respectively. If we let the gene frequencies of A — p, and of 
a= (1— р) =q, then рос 77 1/2y. and the points representing à 
Population with a given gene ratio (p:q) lie on the straight line PQ, 


Where Q is the projection of P on XZ. The equations for QZ — p are 
Qpz = 0. 


T—1/2y = p, and 242 + (q—p)y—? 

Under a system of random mating, УЗ p^ У = 2pq, and 2 = q^, and 
im points generated by а parabola y? — 422 =0 (with vertex at the 
mid-point of the altitude of the triangle and with tangents to XY and 
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YZ at X and Z respectively) represent the genotype frequencies for 
autosomal single alleles in all possible ideally large random-mating 
populations. 

Under a regular system of inbreeding the frequency of heterozygotes 
is reduced by a factor (1—1) where i is, of course, the inbreeding 
coefficient. Thus the frequencies of the three genotypes in regularly- 
inbred populations are т = p° + 1р0, у = (1 — i)pq, and 2 = ф + tpg. 


Е 


Fie. 3. GRAPHICAL REPRESENTA! 


FREQUENCIES TION OF Сев Frequencies AND GENOTYPE 
5 КОВ THREE VALUES оғ THE MEAN Імвиквріка COEFFI 


CIENT ОЕ Y à 
AND THE on DATUM, Тив РАНАВОГАБ Amp DrrrNED rx тив TEXT 
REE Ротхтв p, Р”, Р" Ang DEFINED IN TABLE 4 


Three parabolas are sho The uppermost parabola 
eer oy Se of points whose Perpendicular coordinates measur? 
а р ае for autosomal single alleles in a random-mate 
for the idesi зн i parabola represents the locus of such рідні 
breeding of such а а e ation practicing а regular system of » 
is the maximum ъс = 0977, Ав shown above, this 7879 

e maximum inbreeding Coefficient observed for an individual Вата 


wn in figure 3. 
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Navaho Ы : 

зано ЗО lowermost parabola represents the locus of points for a 
ollowing a regular system of -si i 
iy eta, g \ of full brother-sister mating for 
The рат: Р + 

“Жэй сащ representing the locus of points for a system of in 
where i 3 г і ; а 
g where і = .0080 (the mean for generations 5 through 8 of the 


Ramah gr ; 
ah group) would lie below but very close to the parabola for a 


Syst n : я 
em of random mating. It follows that the distribution of auto- 


80: a я 

mate frequencies | in the Ramah population would not be 
эн Эргэн” нас др marked deviations from the proportion of heterozygotes 
by паніці яю - system of random mating. We can illustrate this fact 
queney. ot = genotype frequencies for some particular gene fre- 
is the ша i e the B gene (ав) of the ABO blood group system is absent 
wale a еі population, we may treat the A(A) and O(a) genes as a 
бои d ЊЕ уж рр alleles. (The distribution of the MAN blood 
нон frs 2 : will be considered in the following section.) The popu- 
individu re encies of the AO genes based on a pooled sample of 458 
seda als (Boyd and Boyd, 49; Mourant, 750) are p= 4 = .126 and 

== 814 (q — а8 — 0). 
TABLE 4 
and the observed 


G Р 
enotype frequencies for 4 ideal systems of mating 
f A and a 


gene frequencies of ABO blood group genes o 
in the Ramah Navaho population 


t Inbreeding Group 4 Group 0 
Coefficient, То wAA ула gaa Total 
d 0 .016 .220 764 1.000 
Раз 0.0066 017 218 765 1.000 
T 0.0977 4027 199 174 1.000 
е" 0.25 043 -165 792 1.000 


represents the gene fre- 


frequency (1— р) =" 
determined jointly by 


TI 
dier. Segment of the base of the triangle QZ 
Y р and the segment QX represents the gene 


е 1 
а notype frequencies in the population are р 
Bene frequencies апа the system of mating. We will consider four 


suc 

зоп буйце, Three different mating systems аге shown in figure 3 by 

Y point. Р and Р”, The fourth mating system із shown only in table 4 

System г and indicates the appropriate genotype frequencies for a 

Чаргору, mating where the mean inbreeding coefficient 1s i= .0066. 
ба of the values ix the graph and in the table indicates that the 
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i Y be 
observed degree of inbreeding in the Ramah population w ould d ~ 
expected to bring about large deviations from the genotypical героя 
tions theoretically appropriate for a system of random mating in 
population. 


INDIRECT ESTIMATE OF THE INBREEDING COEFFICIENT 
OF THE RAMAH POPULATION 


Now that we have direct estimates of the inbreeding крайня 
the Ramah Navaho population, it is possible to compare the results en 
an estimate obtained by an indirect method. Haldane (738) has — 
that departures in the amount of heterozygosity from that expecte 


under random mating can be interpreted to give evidence for the mating 
System in natural populations. 


Consider a pair of autosomal 
for the MN blood types in man, w 
by phenotypical inspection. 
M, MN, and N, and their re 
Let the observed phenotypica 


alleles, such as the genes responsible 
here heterozygotes are distinguishable 
We will represent the three phenotypes by 
Spective genotypes by MM, Mm, and тт. 
1 frequencies in the population be 
&M--bMN--cN =n. 

If the population was т 
the alleles M and m) an 
Tepresented by the 
genotypes would be 


eproduced by random mating (with regard 10 
d the gametes from the 


: У б 
previous generation а 
proportion u M:1 m, 


the expected distribution of 
nu*/ (и 4-1)? MM: 2nu/ (u +- 1)? 


Mm:n/(u 4- 1)? тт. 
The logarithm of the likelihood of the ob: 


servation is 


L= (2a + b)log u — 2» log(u + 1). 
Thus 


dL/du = (За 4- b) /u пу (и 1) — 0, 


u= (да + b)/(b + 2c) + 


and 


V2n(2a-+ 5)/ (b + с). 


expected distribution of дедите. 
served numbers for сас phenotype 114. 
А x? test is appropriate. 
If the differences betwee 


се 
П expected and observed values are too 1876 
to be consistent with a hy 


re 
pothesis of random mating, and the departu? 
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is i saati a 
22 the direction of an excess of homozygotes, inbreeding is one of 
2 eral possible explanatory factors. (In the case of the MN blood 
groups, probably we can safely exclude the si 

| с 3 an safely ез е possible explanatory fact 
of assortative mating.) à dins 
Ия Bernstein (730) found that expected ratios of the genotypes in an 

red population (with inbreeding coellicient i) are 


(м + iu) MM :2(1 — i)u Мт: (iu + 1)mm. 


Sine 1 UNT : 
рл з the genotypes can be distinguished by serological tests, if we let, 
a 9 . М і 
ove, the observed frequencies of phenotypes be 


then aM+bMN+cN=n, 
- u= (за += )/ (b + 2c), 


i — (4ac — 0) / (8а + b) (b + 2c). 
á The observed distribution of the MN blood types in а sample of 458 
amah Navaho (Boyd and Boyd, 49; Mourant, 750) is 


380 M + 14 MN +4N = 458 
Ч == 10.1707, the expected distribution is 
379.07 M + 74.66 MN + 3.67 N == 458.00, 


Х 1 = 0.0358, and 0.8 < P < 0.9. 
Although the departure of the observed distribution from the expected 
in the proportion of homozygotes, 


values is j 1 Хийн 
th Бу is in the direction of an increase 
at is, in the direction expected for an inbred population, the observed 


в are fully consistent with the hypothesis of random mating. But, 
nin in the preceding section, the observed mean value of the 
à Teeding coeflicient for the Ramah population is sufficiently small, 
а ћав been in effect for а sufficiently short period of time, that large 
eviations from the theoretical proportions appropriate for random 
Mating are not to be expected. With this in mind, and noting that 
hee m is relatively rare in the population and that estimates of its 
чні are subject to considerable fluctuation in small samples, it 
а. of interest to solve for the inbreeding coefficient. We find 
a 0088. This indirectly obtained value 1s remarkably close to the 
Рей obtained value 0080 for the mean inbreeding coefficient for all 


815 
10 generations 5 through 8. 
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DISCUSSION 


In previously published estimates of inbreeding coeflicients E — 
populations, samples of matings have been classified into inbre " яа 
outbred and а coeilicient of inbreeding estimated from the ratio o я 
cousin, second cousin, and other consanguineous matings (usually E 
beyond third cousins once removed) to * unrelated > matings. 'The um 
of the sibship produced by the two sorts of mating is not entered into 
such estimates. We have 123 cases of 61 different sorts of inbred 
matings out of a total of 316 matings (including the sixty-second sort, 
“ unrelated 7) for generations 5 through 8. io for inbred matings 18 
(1.9847/123) = 0161 and for total matings i, is (1.9847/316) = 0063. 
This estimate is lower than the estimate we obtained for total individuals 
in generations 5-8 (i, — :0080) because our inbred families of genera- 
tions 5-8 have more offspring than the outbred families.! | 

Caution is required for the proper interpretation of our population 
mean coellicient of inbreeding. First, the value should be regarded 25 
а minimum estimate of the true value of the coeflicient. As a result of 
extensive field work over а period of 16 years, the Ramah genealogies 
are remarkably complete for generations 2-8. There are some unknowns 
in the founding Seneration. If any of the 14 founders are themselves 
inbred, the mean values of the population coefficient would be slightly 
larger. However, since no inbreeding was practiced in generations 2-4 
(where genealogical information is є complete >) this possible source of 
error would not greatly modify the total Population estimates (on the 


assumption, of course, that there are no undetected relationships among 
the founders). 


* The crude data suggest that inbreeding in the Ramah population has not 
reduced fertility of inbred individuals, although when the data for all generationi 
are pooled the average size of outbred sibships is 3.53 persons, and for inbre 
sibships, 3.44 persons, However, when the crude data are compared by generation’, 
inbred sibships average у larger than outbred, the respective means for 
against 3.20. 
ons 2-4 — 4.45) 
Of course such 
of ре 


и д a 
à Е In the present group has not been accompanied ЮУ 
marked decrease in fertility. 


— 4 m 


әҙ 
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If there are undetected biological relationships among the 14 founders, 
the mean values for subsequent generations could be increased con- 
siderably. However, the known relationships among the founders is of 
the sort which might be expected on the basis of general knowledge of 
With due regard to the unknowns in the case, our 


Navaho behavior. 
ewhat 


Opinion is that the estimated values for the population, while som 
low, are not greatly low, perhaps not more than 10%. 

Another difficulty in arriving at an estimate of the true value of 
the inbreeding coefficient is the problem of determining true population 
Size. Although the Ramah group is relatively isolated (see above) and. 
relatively self-contained, there are a few individuals regarding whose 
membership in the population an arbitrary judgment must be made. 
Actually we made an independent classification of the individuals repre- 
Sented in the census data of the Ramah area. "These data include 
information of residential history, travel, partieipation in other Navaho 
communities, and work in extra-Navaho contexts. The census included 
information on a number of individuals who have a marginal partici- 
pation (in both biological and socio-cultural terms) in the Ramah popu- 
lation. Our result differed only with regard to a single outbred family 
with 9 children. JNS classed the entire family in the population while 
CK put the father in, and the remainder of the family out of the 
Population. For the present calculations, all 11 individuals have been 
Included in the population. If our criteria for membership were made 
extremely broad, the population size, as of September first 1948, would 
be increased by some 20 individuals, and the size over all generations 
Teported here would be larger by about 70 individuals. Use of the larger 
Population sizes would result in a slight reduction of the population 
estimates of the mean value of the inbreeding coefficients, but not a 
marked reduction because some of these 70 individuals are themselves 
inbred, | 

Іп previously published estimates, data have not been available ^s 

6 more remote relationships. It is of interest io compare our va : 
Jased on “ full” specification with those obtained when the wa мес 
15 estimated from various degrees of incomplete specification. e wi 
xamine three cases: 1) estimates from the incidence of first хамг 
(10) matings; 2) estimates based on the incidence of first and 
Cousin (10 4-20) matings; and 3) estimates based (as in the os јеж 
and Kure data reported in Neel, et al., 49) on the incidence ої ma = 
volving first cousins, first cousins once removed, second cousins, ai 
Cousins once removed, third cousins, and third cousins once removed. 


316 J. №. SPUHLER AND CLYDE KLUCKHOUN 


Percentage of total 
Estimate i, = (.0080) contributed 


Case Based on Relationships of i, by these matings 
1. Е1С 0008 10.0 
2. F1C+F2C 0020 25.0 
3. FIC+FICIR+F2C1R+F3C+F3C1R 0034 42.5 


In the case of the Ramah population, our estimate for the наст 
reported here would have neglected about 27% of the known inbreeding 
had we restricted our study 1) to degrees of relationship equal to ог 
greater than third cousins, and 2) to specification of a single (closest) 
type of relationship for each inbred mating. 

This datum is not of direct use in estimating the amount of under- 
estimation of the inbreeding coefficient in other studies. The datum 18 
closely influenced by factors specifie for the В 
example, the effective size of the loc 
Navaho cultural patterns of mate 
suggestive for the interpret 
coefficient. We might guess, 
(49) and by Schull (5 


amah community, for 
al breeding population, and the local 
selection. However, the datum 18 
ation of reported values for the inbreeding 
for instance, that the estimate by Neel ct al. 
З) in the Japanese case—where marriages of first 
cousins are culturally permissive and actually performed fairly ug 
would be closer to the true value, than the estimate of Haldane anc 
Moshinsky (239) based on data of Orel (39) in the case of Catholic 
marriages in the archdiocese of Vienna where marriage of first cousins 
is by special dispensation and not a culturally preferred type of mating: 
In these studies, the specification of relationships was restricted 19 


degrees equal to or greater than third cousins and multiple relationships 
were not specified. 


SUMMARY 
Inbreeding coefficients 


1118 offspring during 7 Senerations of the Ramah population. Of th? 


316 sibships, 123 are inbred. The range of the inbreeding coefficient 
for individuals is -0010 0977, the mean for inbred siblings is .0175, aP 


ет generations 4 through 8 is .0080, and the a 
for the total population, generations 1 through 8, is .0066. These valu 
are minimum estimates Тог the Population. ||| it 
Coefficients of the order observed for the Ramah Navaho, while 
two times those found for Japan and 4 times those reported for EuroP^ 
are small compared to the estimate for the Dunker isolates in the Unite 
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States and compared to such regular systems of inbreeding as full first 


cousin mating. 

Although the small Ramah Navaho population is not highly inbred, 
mating of the more remote relatives makes a comparatively large con- 
tribution to the mean value of the inbreeding coefficient. 
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STUDIES ON THE VARIABILITY OF HUMAN 
URINARY EXCRETION PATTERNS 


BY H. ELDON SUTTON AND STEVEN 0. VANDENBERG 


Institute of Human Biology, University of Michigan + 


INTRODUCTION 


" : ү ; f 
5 our knowledge of biochemical genetics increases, the question 0 
А 5 + е- 
the genetic control of human differences comes more to the for 
front. Some of the “inborn errors of me 


and phenylketonuria, h 
recently attention h 
between people whos 
range of variation. 


tabolism," such as alcaptonur!à 
ave been recognized for many years. More 
as been focused on the differences which a 
е various metabolic processes fall within the norm? 
While some of these differences are undoubtedly : 
function of the environment of the individuals, evidence is accumulating 
which indicates that many of the observed differences are of a more 
fundamental nature and that some of them may have their origin 17 
genetic differences between the individuals, 

Many experiments, although not designed to demonstrate these ge 
netic relationships, show the marked individuality which exists for man? 
body constituents, MeGavack and Drekter (45) found that thyrotoxio 
patients show changes in blood cholesterol after treatment with Ио 
acil, but each person maintained his relative position with respect 10 юэ 
other patients. Groen and coworkers (259) subjected 60 individuals А 
diets containing from one to 900 mg cholesterol /day and were able 
change the blood levels only slightly, They found that each person 
reacted in his own characteristic way to the different diets. They 548 


gested that the cause of these individual peculiarities may be ? 
hereditary nature. 


4 oit. 
? This study was Supported in part by a grant from MeGregor Fund of Ремо!” 
Michigan. 
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Serum alkaline phosphatase in cattle has been shown to vary widely 
among individuals although remaining relatively constant for a particular 
animal (Crookshank, et al., 752); Wagner and Poindexter (52) reported a 
constitutional individuality in the level of cholesterol-esterifying activity 
in human serum. Карго and coworkers (752) have reported ona cone 
stitutional anomaly in which there is a lack of the enzyme catalase in 
the blood and certain tissues. Wilkins and Carlson (52), studying the 
qualitative differences in neutral li-ketosteroids excretion in normal 


subjects, found that although the total amounts excreted in the urine 
might vary with environmental changes, the qualitative pattern of each 
person was highly characteristic for the 

Among the more interesting recent studies in biochemical genetics 
have been the demonstrations that genetically controlled variations in 
53) has summarized some of the 


heir relationships 


individual. 


human hemoglobin exist. Напо ( 
properties of the different hemoglobins along with t 
lo certain blood conditions. 

Of the various anomalies of amino acid excretion, cystinuria has 
perhaps been most adequately studied. Dent and Harris (751) have 
summarized the characteristics of the different types of cystinuria, 
emphasizing the genetic relationships. The increased excretion by some 
People of the recently discovered amino acid g-aminoisobutyrie acid is 
reported to have a genetic basis (Crumpler, et al, 51). Fink, Hen- 
derson, and Fink (781) also found the excretion of this amino acid to 
vary widely from person to person. With the advent of paper chroma- 
tography, a number of studies of individuality in urinary excretion 
patterns have been made (e. g. Williams, 251; Berry, Cain, and Rogers, 
51; Sutton, 251). An interpretation of these results in terms of the 
Benetie makeup of the individual has recently been made (Berry, 53). 


The results reported here are from a study of urinary excretion 
The data were analyzed in 


Produets of 32 individuals (16 sib pairs). 

Such a way as to answer the following questions: (1) Does an individual 
Оп repeated sampling tend to show a characteristic level of excretion of 
я dividual tend 


the particular substances measured? (2) ТЕ so, does the in 
to resemble his sibling in this respect more than would be expected by 
chance? (3) Can individuals be characterized by excretion patterns as 

stances? The affirmative answers 


Opposed to excretions of particular sub 
asis for further 


аг have been obtained should help form 8 sound b 
"dy in the field of human biochemical genetics. 
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EXPERIMENTAL 


The subjects of this study were 32 patients of the Diets epe 
Home and Training School, Coldwater, Michigan, and Hia wei 
pairs of siblings. Two of the sib pairs, on the basis of шэнэ же "i 
and morphological types, were probably identical twins (Kine 1 : a 
and 13). All of the patients were classified as mentally deficient а 
no known organic defect. Both members of kindred 29 were ү сез 
nearly blind, however. There were 13 males and 19 females white ag : 
varied from 7 to 33 and whose 10/5 varied from 28 to 83. The sexe 
are indicated in table 1. ка 

Three first morning urine samples were collected from each о 2 
patients on alternate days. АП samples were collected within а пин. 
week period. The samples were frozen soon after collection and = 
stored in that state except when necessary to remove aliquots for ae 

Creatinine determinations were done by the method of Bonsnes ри: 
Taussky (245) and inorganic phosphorus by the method of Fiske m 
SubbaRow (25). АП other substances Were measured by paper не 
tographie techniques using conditions previously specified (Sutton, Р А 
except that aliquots of urine containing 40 pg creatinine were used = 
the bromeresol green (BCG) chromatograms. One alteration in the pa E 
cedure was the use of reflectance measurements to quantify those али 
acids for which ninhydrin had been used for color development. m 
this purpose a Beckman model B spectrophotometer equipped with Ч 
integrating sphere reflectance attachment with beam expanding lens “ai 
used. The filter paper containing the ninhydrin-developed amino po 
was placed in the instrument во that the light beam (550 mp) У s 
centered on the point of maximum color density. Quantitative ptm 
for the unknowns were obtained by comparing their percentage yon 
tance with a standard curve based on the reflectances of known quanti " 
treated in the same manner. Alanine was used as the standard for Є ай 
tamine, ethanolamine and B-aminoisobutyric acid, and the values ires 
these substances are expressed as mg alanine. This procedure теди. 


considerably less time than most other methods in the literature 2? 
capable of the same accuracy, 


The substances designated 
“BCG basic .32 > 


оп bromceresol g 


nd 
“BOG acid 287 “BCG acid .30,” © 


а 
bh ich app’ 
Tefer to spots of unknown composition а ae 
H Р шы 
тееп chromatograms resolved in butanol-acetic ас! 
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(80:20:20) solvent. "Тһе numerals indicate the Rf values at which 
these spots appear. “ Hippuric acid " and З Lactic acid” refer to acid 
esol green chromatograms at the expected 


It is possible that other acids contribute 
22 


spots appearing on bromer 
position for the indicated acids. 
to these spots, however. ‘The substances designated “ DSA orange .85 
and “DSA purple 907 appear on chromatograms which have been 
sprayed with diazotized sulfanilie acid. The spots occuring on the 
d sulfanilie acid (DSA) chromato- 
grams have bee ing the area of the spots 
with a pencil and then measuring the area with a polar planimeter. 
In studies of the DSA spots, it has been found that over the range 
likely to be found in urine the area of the spot is approximately 
linearly related to the amount of material present. Oceasionally the 
presenee of salieylate metabolites prevented an accurate quantitative 
estimation of some of the substances detected chromatographically. In 
such cases, “no value (NV) ” was recorded. 

The optical density measurements were made by comparing the 
undiluted sediment-free samples with water in a spectrophotometer at 


620 ти. 


bromeresol green and the diazotiz 
n quantified by carefully mark 


RESULTS 
ts of the urinary constituents are presented 


in table 1. ‘The mean and standard deviation for each item are shown 
in table 2. In most cases, the measurements have been expressed as 
creatinine ratios in table 2, since this ratio is a more significant quantity. 
For most of these items, по population norms have been established ; 
however, no grossly abnormal samples were encountered and these mea- 
parable to those reported in other studies (Berry, 258; 
Beerstecher, et al., 50; Young, et al., 251). Тһе lack of a comparable 
possible to detect any minor peculiarities which 
mental group. Studies on this group 
dual consistency and sibship 


The original measuremen 


surements are compar 


control group makes it im 
may be associated with this exper! 
will, however, give information on indivi 


similarities. | or 

To test the reliability of the measurements as а function of individua 
differences, an analysis of variance was carried ouf considering the sample 
ав composed of 32 individuals with three measures each. The F values 
ances has resulted in dif- 
designates as “ BCG acid 
+ on the spot here 


Rf values for these subst 


ithors. Berry (758) 
She does not герог 


2 The somewhat varying 
ferent designations by different a" 
30” what is here called “ BCG acid 28^ 
called “ BCG acid 30." 
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are shown in table 2 with their levels of significance indicated. The high 
level of significance obtained for nearly every item certainly justifies 
the conclusion that even items falling within the middle of the normal 
range occur at levels characteristic of the particular individual. 

A further hypothesis—whether or not siblings tend to resemble each 
other more than could be expected by chance—was tested by considering 
the sample to be made up of 16 groups of two individuals each. For this 
purpose the averages of the three measures were used as the value for 
that individual. These results are also shown in table 2. The larger 
number of substances failing to show significance may in part be due to 
the fact that higher F values are necessary to attain a given level of 
significance when the sample is reduced in size as it is in the intersibship 
comparison. Further work with a larger number of subjects will be 


necessary before conclusions can be drawn regarding the intrasibship 


similarity. 

The origin of the intrasibship similarities would seem most probably 
to lie in their similar genetie makeup. The diet, which is the environ- 
mental variant most likely to influence the composition of the blood and 
urine, was fairly constant for all subjects because of their institutional 
status, Other studies (Thompson and Kirby, 49; Sutton, 751; Groen, 
et al., 252) have shown diet to be relatively unimportant in determining 
the levels of many body metabolites. The relative importance of heredity 
versus diet remains a subject for further study, however. Experiments 
are in progress in this laboratory which should throw additional light 
on this matter. 

In order to have а quantit 
concordance, the indices shown in table 3 have 
similarity index is the reciprocal of the mean square av 
in standard scores between siblings for all the items measured. The 
column headed “т.” is the product moment correlation based ол the 
12 items of table 2 which showed an intrasibship similarity т 
at least at the 5% level. The column headed “ Tes is the yv | та 
coefficient based on all 23 items of table 2. Inspection of M n 
reveals a fairly close agreement between the two wee ~ E 
index of similarity. Part of the difference 1s undoubtedly ue to : 
fact that the correlation coefficient places emphasis on среди o 
the extreme values while the index of similarity places equal ex asis 
On congruence of intermediate and extr A choice between 
these indices is dificult until more is 


ative measure of the degree of intrasibship 
been calculated. The 
erage difference 


eme values. 
known concerning the relative 
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importance to heredity of absolute levels versus related patterns et 
excretion. It is interesting to note that neither of the two sets of тулав 
(sibships 08 and 13) ranks highest in similarity as calculated in iable 3. 

One interesting form in which individual variations occur is in the 
different patterns of urinary excretion. By this is meant the relative 
amount of each substance present when compared with other substances. 


TABLE 3 
Comparisons of profile similarities within sibships 
| 
eh ope ~ Index of 5 
Sibship Sex Similarity тї? Газ - 
23 те 11.6 .437 .350 
22 99 10.6 .563 ‚463 
26 тт 9.8 .407 ‚339 
10 А 8.9 .432 2874 
14 тт 8.4 .699 .538 
13 9 9 8.1 .625 2501 
12 99 7.8 1192 042 
20 9% 7.4 —.003 .206 
25 те 6.9 1301 201 
11 7% 6.8 ‚099 2058 
09 тт 6.8 -396 2236 
08 99 6.3 999 .169 
28 то 5.1 „ТҮЗ ‚448 
07 9% 37 634 328 
27 910 3.3 1180 - .308 
24 7% 3.1 -1094 -1084 


Figure 1 shows such individual patterns or profiles. The values plotted 
are the standard scores, obtained for each item by subtracting the grouP 
mean from the individual value and then dividing by the standard 
deviation. The results thus expressed are comparable from one sub- 
stance to another, whose profiles are shown in 
ome extent in at least 10 of 


а random sequence. In order 
ious, the individual items of the 4 
St nearly consistent with each other 
d in order of deereasing size for each 
ach item was then obtained, and the 
gure 1 is in terms of these increasiDs 


More oby 
subjects whose patterns were mo 


(sibships 22 and 23) were ranke 
subject. The average rank of e 
Sequence of items shown in fi 
average ranks. 
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SIBSHIP 22 


STANDARD SCORE 


16 в 20 


8 10 12 14 
dii diio SUBSTANCE 
ParrERNS OF FOUR PAIRS OF SIBLINGS. 


Fre, 1 1 
ма. Е ARY EXCRETION 
PROFILES or URIN. oe 


THE SUBSTANCES ARE NUMBERED AS IN 
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The resemblance between the profiles of sibships 22 and 23 is striking. 


By contrast, the profiles of sibship 14 seem to show a completely un = 
pattern, although the concordance within this sibship is high. € 
profiles of sibship 11 resemble those of sibships 22 and 23 for many à 
the items. The concordance of the siblings for the marked € 
which occur indicates that this deviation is not a matter of chance. ё 
least three different patterns of excretion of the type discussed here have 
been found which were common to two or more sibships in this study. 


DISCUSSION 


Of particular interest in the past have been such anomalies of urinary 


excretion as aleaptonuria and cystinuria, conditions which are сһатас- 
terized by excretion of опе or а few substances at levels many times 
higher than are usually found in a normal population. There probably 
are many such genetically controlled conditions whose presence goes 
unnoticed because the principal point of interference with metabolic 
processes lies too far removed from the easily measurable materials such 
as blood and urine. Many differences must also exist whose effect at 
any point in the metabolic processes is small. t 

By the use of such an approach as is presented here, it is hoped tha 
some inroad can be made into the area of the integral differences rider 
individuals. "The detection of differences in patterns of excretion shoul 
provide a new means of classifying human beings, perhaps into discrete 
groups, which will make family studies more fruitful. The primary 
variables which are responsible for these profile differences are as yet not 


well understood. A statistical approach such as multiple factor analys? 
should furnish considerably more insight in this area. 


SUMMARY 
The urinary excretion 

deficient were analyzed ch 
acids, and other Substances 
grams. Analysis of varian 
excreted at levels characteri 
to resemble each other more 
of excretion were detected 1 


Products of 16 sib-pairs who are mentally 
emically for creatinine, phosphorus, Е 
which can be detected on paper chrom? e 
ce showed that most of the substances 97 
stic of the individual and that siblings Ён 
than do unrelated persons. Several райе 

n the group. 
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MATHEMATICAL ANALYSIS OF THE GROWTH OF 
MAN, WITH SPECIAL REFERENCE 
ТО FORMOSANS ' 


BY SUNG-KEN QUO 
Department of Hygicne and Public Health, College of Medicine, 
National Taiwan University, Taipeh, Formosa 


INTRODUCTION 


A human ovum which has 


! | JHE growth of animals and plants consists of an increase of living 
» 


substance resulting in cell division. 
been fertilized and implanted in the uterus takes about 280 days to 
develop into a baby which, in turn, continues to grow after birth. It is 
well known that the rate of human growth is greatest during the first 
year of life, and that the body of the human species, like that of other 
The weight of a human at 


animals, ceases to grow after a certain age. 
itself by the end of 


birth doubles itself in about 5 months and trebles i 
the first year. 
The growth of the human body is three- dimensional, since it involves 
and other constituent organs. There has 
e growth of man which deal with the. 
sitting height, span, weight and so 
dy grows not only in one dimension, 


Increase in the size of bones 
been a host of investigations on th 
development of stature, chest girth, 


forth. Iowev er, since the human bo 
it is obvious that the growth of the body as a whole is most appropriately 


Tepresented by the deevlopment of its weight, which is the resultant of 
the growth of the constituent organs. Therefore, body weight is the best 


index of growth. 
With regard to the development of weight in man at different ages, 
there have been a great number of studies, of which the results are 


Summarized by Baldwin (21) and Davenport (26A). Nevertheless, very 
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few authors have attempted mathematically to analyze the Se 
i d i turity. Although the process 0 

of body weight from birth to ma arity. А g Vie potus ОМА 
growth is of great complexity, it is conceivable that this ps P cue 
certain natural laws which can be expressed by ШШ, ронний 
where the amount of growth у is the function of time 2. Suc 1 Л ap 
enable one to establish the norm of human growth, to "n ER 
considerable certainty the quantitative results of any future genie а 
of a similar nature, and to form some idea of the causes of devia 

een the caleulated and observed results. . | 
де = (715), as the result of certain theoretical и 
found that growth in the weight of infants followed the autocata ойн 
equation. Lambolez (25) obtained an exponential equation to НЫ ын 
the law of growth in infants. Failing to analyze the developmental E је 
of body weight as it is, Davenport (268) transformed it into а ша. 
annual increments of total body weight and concluded that this lat i 
curve has two autocatalytic cycles, one being best fitted by a Het 
skew curve of Pearson's type I and the other by a normal frequen y 
curve. 

The curve of the development of weight from birth to maturity i ads 
the same shape, roughly similar to a sigmoid, not only for мій 
(Baldwin, 21 and Watson and Lowrey, 52) and Nordies (DavenP ког 
"26A and 68) but also for Chinese (Shirokogoroff, 795) and at 
(Yoshinaga, 780 and Department of Physical Education, 227), ий” P 
that the slope of the curve varies with race and sex. In view of the ЭР” 
that по опе so far has carried out any study on the physical шэн. Б 
the Formosans from birth to maturity, it is of great interest шог Е 
collect as many data as possible for calculating the average weighs | 
Formosans of both sexes at different ages, and then to analyze the же 
curve to find the mathematical formulas that will serve as the pnt 
growth of the Formosans. Although the slope of the Formosan dom 
curve is different from that of others, the mathematical formulas obt@ 


5 ulas 
can be applied to other races when the various constants of the for™ 
are separately computed. 


PROBLEMS FOR SOLUTION 


«4 ig pro 

In the mathematical analysis of the growth of Formosans, it a” 
posed that a number of problems which are important and uet 
to various specialties of medical science and public health qiue г 
anthropology, obstetrics, maternal and child health, pediatrics, x 
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health, internal medicine, and physical education) be solved at the same 
time. These problems and the specialties closely related to them are 
summarized in table 1. Although some of these problems may be readily 
solved if only the mathematical formulas for the entire growth curve 
are obtained, still further analysis of the curve is needed in order to 


find the solution to the other problems. 


TABLE 1 


Problems to be Solved 


NO. PROBLEM 
I What course does the growth of man take in his lifetime? 
п What is the average birth weight of the Formosans? 
ІП What is the normal growth of Formosan infants? 
iv What is the normal growth of Formosan children of preschool 
age? 
У What is the normal growth of Formosan school children? 
УІ What is the normal growth of Formosans from adolescence up 
to adulthood? 
VII What is the maximum limit of growth of the Formosans? 
VIII At what age does the adolescence of the Formosans start? 
ІХ At what age does the rate of adolescent growth of the Formosans 
reach its maximum? 
x At what age do the Formosans stop growing? 
MATERIAL 


Inasmuch as the physical growth of the Formosans has never been 


studied from birth to maturity, the weight data for the two sexes and 
different ages had to be collected from various sources which could be 
regarded as reliable. For the birth weight, the data obtained in 1942 
by Wu (249) and those in 1950 by Chiu and his coworkers (751) have 
been utilized to calculate the mean. For the weight at each month of 
infancy, the data acquired by Wu (49) have been used. For later years 
the data of the health survey collected in 1938 by the Department of 
Health of the Government-General of Formosa were used." In all, data 
21% has been assumed that mean body weights of different persons at these 
various ages adequately represent the weight differences of a single group of 
Persons successively observed at these ages. While some discrepancy might appear 
ffect only the evaluation of the 


between these two types of observation, it would а 
constants in the following formulas, and not the mode of analysis itself. 


336 SUNG-KEN QUO 


concerning 87,277 Formosan males and 83,376 Formosan females have 
been used in the present study. Table 2 presents the mean weight and 
the number of persons observed for each month of the first year and for 
each subsequent year of life. 

Figure 1 shows the growth curve of Formosan males and females 
plotted by using the average weights at different ages from table 2. 
Growth curves of Americans (Watson and Lowrey, 29), Nordics (Daven- 
port, 726А and B) and Japanese (Yoshinaga, 780 and Department of 
Physical Education, 727) are presented in figures 9 to 4 by the use of 
the data derived from the respective sources cited. The dots in all 
these curves represent the average weights actually observed. 


METHOD OF ANALYSIS 


On looking at the growth curves in figures 1 through 4, it is obvious 
that there are more than two cycles in the course of human growth 
from birth to maturity, although its curve looks roughly like a sigmoid. 
During the first year of life, there exists a cycle of rapid growth. The 
curve then begins to flatten out until about 5 years of age when it rises 
more rapidly again. It reaches a maximum of slope in this cycle at 


12 to 14 years and then gradually approaches the horizontal which 
indicates the state of maturity. 


The mathematical analysis of human growth consists in finding out 
from the observed results the mathematical formulas that express 
certain natural laws. If the human growth curve were a straight line, 
then the required formula would be y — a bx, which is the general 


equation of a straight line; the values of the constants а and b can be 
found by simple calculation, 


: However, as the growth of man demon- 
strates a complicated curve having more than two cycles, it is quite cleat 
that a single formula is not enough to express it. There should be 88 
many formulas as there are Cycles involved in the whole curve. 1818 


extremely difficult to find the formula for each cycle from the shape 9 
the curve, since it is, as a rule, i 


impossible to tell by mere inspection 
whether the portion of the curve belongs to a parabola, a hyperbola, 5 
logarithmie curve, an exponential or a trigonometric curve. The required 
formula must in such cases ђе obtained by trial. Generally one has some 
sort of idea as to what kind of formula to expect, and in order to test 
the correctness of one’s expectations one can attempt to convert the 
curve into a straight line by means of certain artifices, such as trans 
formation of the coordinates, use of a trial value for ва constant of 
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AGE IN 
YEARS 


TABLE 


2 


Observed Average Weight of Formosans 


Number of 
Persons 


Observed 


MALE 


Average 
Weight in 


Kilograms 


Number of 
Persons 
Observed 


Average 
Weight in 
Kilograms 


33 


~ 
‘ 


215 3.065 
71 4.041 
204 4.095 
286 5.549 
6.462 455 6.014 
437 6.460 

476 

467 

7.835 288 

8.100 232 

8.318 140 

8.517 136 

8.718 149 

3 648 11.003 3591 

3530 12.769 3376 
3459 14.194 3 295 13.744 
3210 15.619 3124 15.000 
3 033 16.931 2 808 16.316 
2 995 18.323 2925 17.869 
2914 19.808 2995 19.481 
2987 21.739 2 850 21.334 
2 889 2 786 23.314 
2798 25.084 2 656 25.489 
2753 27.608 2 580 28.125 
2 545 30.008 2 523 31.474 
2497 33.409 2525 35.321 
2 157 37.478 2239 39.690 
2 250 41,389 2167 42.154 
2 299 44.138 2321 44.036 
2 292 46.905 2196 45.765 
2124 49.208 2113 46.286 
2168 50.884 2189 46.586 
1973 51.638 1905 47.220 
1914 52.444 1832 46.349 
1 819 52.699 1843 47.138 
1944 52.830 1 847 47.183 
8 338 53.111 7971 47.719 
т 607 53.318 6 936 47.434 
6 704 53.246 6147 47.284 

87 277 83 376 
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the formula, etc. If the attempt is successful, then all the constants of 
the formula assumed can be calculated by the method of least squares. 

This is but a first approximation of the constants to the theoretical 
curve. It is desirable, however, to obtain the best-fitting curve by 
successive approximations which will correct the computed values of all 
the constants and thus minimize the differences between the observed 
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Fie. 4. GROWTH оғ JAPANESE 


points and the corresponding points on the fitted curve. If the second 
approximation to the best-fitting curve does not sufficiently minimize 
the deviations, we may proceed to the third and the fourth approxi- 
mations, and so forth, by repeating the same process, till the best fit to 
the observed curve is finally attained. 

It was found, by the procedure stated above, that the human growth 
eurve has four cycles, of which the first and second cycles are best fitted 
by the catalytic equation 

y = k — errs 
where y represents weight, т denotes time and k, a and b are constants 
to be determined. For the Formosans, the first cycle of growth ranges 
from birth to 9 months, and the second cycle from 9 months to 5 ye27* 

The third cycle of human growth, which was found to range from 
5 to 13 years in Formosans, is best represented by the compound interest 
equation 


у = 23423 
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in which у and x denote weight and time respectively, and а and b are 
constants to be caleulated. 

The fourth growth сусје of the Formosans extends from 13 years 
till maturity, at which the body ceases to grow. The best-fitting curve 
to the fourth cycle of human growth is the logistic equation 

k 
1 + "mum 
where y represents weight, z denotes time, and 4, К, a and b are constants 
to be determined. Among these four constants, d is the lower asymptote 
which denotes the total growth attained up to the end of the previous 
growth cycle, d + k is the upper asymptote of the present cycle, 6 the 
inherent rate constant, and a the constant of integration dependent upon 
the position of the origin. The method of determining these constants 
is fully described in a previous paper of the writer (Quo, 750). 

The constants of the above theoretical equations obtained by the first 
approximation should be subjected to further approximations in order 
to get the best fit to the observed growth curve. The observed curve of 
a given growth cycle may be expressed by the equation 


y — f(u, v, wi 2) 
Where u, v and w are the unknown constants to be determined. Then 
the equation obtained from the first approximation is 


== Fr 


= f(t, va, W15 2) 
Hn which ці, v, and w, are the first estimated values of the constants. 
Therefore 
u= ш + с; Фет + са; w= Ww + с; 
where с), с, and са are the correction terms that will be calculated from 


а subsequent approximation. Ву the expansion of Taylor's theorem, 
we get 


Flu, v, w 32) = fus v nsa) + (и— ш) ZL + (0 — 2) 22 


+ 00) x i + ас иа = T аны 3 21. 
+ (w — wi)? E 2 » в, v4) (0 — ші) и 
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Neglecting terms of higher order than the first, we have 


of 


Ж қ of of 
у==у'— Ү, = @ ди, Т < до, + 


дш, 


which is a linear expression for the correction terms. Therefore, we fit 
regression 


y = yY — У, = суту + сат + сұт; 
in which 


of of of 


===, m= фу = Я 
ди.” @ ' ди, 


The values of сі, c; and са are to be determined by the method of least 
squares. 


Now for the catalytic equation, we have 


f = k — 61-52, 
therefore 
of 
+ 
of 
a ба eche = — (ру — Y), 


of 
= 9b, Se ыы a(k, — У,), 


where a, bi, К, and Y, are respectively the estimated values of а, b, У 
and y from the first approximation. 

Let c, = № — ki; с, == a; — a4; с, = b.— b,, in which Ко, a; and 
b, are the values of the constants that will be calculated from the second 
approximation. Then we fit regression 


y =y —Y, = с + сул, + сәт» 


where у’ denotes the observed weight. By the method of least squares: 
we choose со, c, and с, to minimize 


f= Ху — o — C10, — сто)”. 
Hence 


of 


дс, — 92 (у — со — ey, — cos) =0, 
whence 


б = — e£, — 0,2, 


in which 2, 2, and 2, are respectively the means of y, 21 and 22: 
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Similarly of Ут, (У — Со — с,т, — се) = 0, 
1 
and Л УУ, (Yy — Co — сата 2223) 0. 


On substitution for со, we get 


Улу со син — сата) 


= Ул (у — У + сиг: + Cefa — с — Соль) 

= Daily -- 9) — a Уха (по — Ф|) — со Уа (те — з.) 

= 0; А 
Непсе e Ea (n, — А) + enin — Ë) = Ха (у — 9) 


which is identical with 
аа — 4)? + с d(x, — би) (т. — 1.) = Х(а--2)(у--%) (А). 
Similarly 
„(у — Co — суш, — Coa) 


= Say — 0) — ага — 31) — сто — 2») 
== Q; 


Therefore ei Уа (а — #1) + са (n. — #2) = УУ (/-0) 

which is same as | 
а) (£a — 4.) + с. (та — Фа) = Ре» — 2)(09— 9) (В). 

Equations (A) and (B) may be written 


512 + C2822 = 52 
C1811 + Сәбіз = Siy C1812 + у 


which are the normal equations whose solution gives the values ёр the 
Correction terms с, and с. The value of со can be easily derived from 
these terms, | 

We may repeat this procedure, as well as those described below, for 
further approximations, till the best fit to the observed curve is obtained. 

For the second approximation to the compound interest equation, 
we put 

f — ва+0г. 


— иа 
Therefore мад Г. 


а, = да, 


2 ақш 
S оны —cY, 


344 SUNG-KEN QUO 


in which а), бъ and Y, are respectively the calculated values of а, b and 
y from the first approximation. We fit regression 


Y =Y — У, = суг + сат, 


where c; = d,—a,, с. = 0, — b;, and у is the observed weight. By 
the method of least squares, we choose сү and с. to minimize 


f = X(y — сут, — сољу. 


д 
Hence i =— 2 Y, (y — ez — ст.) = 0 
Cy 
and 2 = — 2222 (У — са, — сағ.) = 0, 
whence G2 + саита == Ery 


cmo, + CXT == Улу, 


which may be written 


C1811 - бобу, = Siy C1812 + Собаз == Say. 


These are the normal equations whereby the values of the correction 
terms с, and с, can be easily computed. 


For the second approximation to the logistic equation, w 


e have 
hence шиг тре 
А 2 7713 Yos =. = 4 » 
Ts pam c А a a] 
eT T p И 0.8, 
T, = 2. =], 


where Т,, d, kı, а, and b, represent respectively the estimated values 
of y, d, k, a and b from the first approximation. 
Let с, = ky— К, ; c, = а — а ; ба = b, he gad, dà which 


Кор аз, by and d, are the values of the constants to be calculated from 
the second approximation. Then we fit regression 


yo —Y,— tg, + Coe + сұт) + сата, 
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where у" denotes the observed weight. The values of the four correction 
terms сі. c, су and с, ean be caleulated from the following normal 
equations which are obtained by the same method of least squares as 
already deseribed : 

суву + C2812 + Сола ЧЕ Саба == Sty 
„+ с + C4824 == Say 
Сіз - Саба | Салаа "КО Сабза 


C1814 + Саба + Сала = Саба == Say 


[ 


ту . 3 i 1 у 
These simultaneous equations are most readily solved by the deter- 
Пишат! given below. 


SiyS12813814 SyiSiySiaS14 81181281у814 
Зъзбзу завза 58128228 824 
SisSsyS33834 SiaS23SayS24 
81454у834544 81:48:48 5844 
811812513814 811812513814 
512522528524 512522523824 
s, $23833 
5135235338534 513523533534 513523833534 
J $2 $44 
814504534644 814524834544 814824534544 


8із5з252362у 


511812813810 
З1а82а за зу 


814 824 8аа чу 


бі ----------, By mS С; = E 


811812812514 
512522823824 
513822522584 
8:48 488 4844 


RESULTS 


The mathematical analysis by the writer of different human weight 
curves revealed that human growth, regardless of race and sex, is com- 
Posed of 4 cycles, namely two catalytic cycles, a compound interest and 
a logistic, passing from one cycle to the other without abrupt transition. 

he general equation for each cycle is the same for all races and both 
Sexes, but the constants of the equation vary due to the fact that the 
slope of the portion of the curve differs with sex and race. Slight 
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variations in the duration of growth cycles are observed among different 


races. 


The durations and the final equations for the 4 cycles of the 


theoretical growth curve of Formosans are shown below. 


These equa- 


tions enable one to predict the normal average weight for the two sexes 


at any age from birth to maturity. 


First Cycle: Catalytie Growth 
General Equation: 
y = k — е-е 


or y=k— Aes 
Formosans: 


Period: from birth to 9 months 


Equation: 
Male у = 8.8 — e-7243-0.21722 
ог y = 8.8 — 5.60882-0:21722 
Female у = 8.5 — 01:0870-0.10882 


Or y= 8.5 — 5.4034 ¢-0-10882 
Second Cycle: Catalytie Growth 
General Equation: 
Y = k — er-re 


ог y= k— Дов 
Formosans: 


Period: from 9 months to 5 years 


Equation: 
Male Y = 21.5 — о2.7200-0.10132 
Or y = 21.5 — 15.47990-0.1013: 
Female 


y = 20.5 — е?-6873-0.19582 
Or gy = 20.5 — 14.69985-0.1955; 
Third Cycle: Compound Interest Growth 
General Equation: 
y= 12447: 


от y= Жет 


(1) 
(2) 
(9) 
(4) 


(5) 
(6) 
0) 
(8) 


SO ка ае" тате еее 
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Formosans: 


Period: from 5 years to 13 years 


Equation: 
Male y = 67-34034+0.081352 
or у = 10.3851с0-031392 
Female у == e2-74202+0.091462 


Or у = 0.4126е0-091462 
Fourth Cycle: Logistie Growth 


General Equation : 
k 
y=d+ 1 + ete 
k 
e ута 
Formosans: 


Period: from 13 years onwards 


Equation: 
34.5 
Male y=19+ І eb 2071-0487 263 
84.5 


т y= 19 + ор забавах 


25.5 
Female у = 224+ 1-І е1-9980—0-294792 


25.5 
or y= 22 + Т + 2.9115е-5.594742 


Note: у = body weight in kilograms 
T == age in months for equations (1) to (4) 
2 == age іп years for equations (5) to (12) 


v == age in years — 12 for equations (13) to (16). 
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(9) 
(10) 
(11) 
(2) 


(13) 
(4) 
(15) 


(16) 


The normal average weight of the Formosans at any time of life can 
be obtained by solving the above equations. Table 3 presents the normal 
average weight, both actually observed and theoretically calculated, of 

ormosans at each age. In the light of the small deviations of the com- 
Püted values from the observed, it is clear that equations (1) through 


(16) excellently fit the 4 growth cycles of Formosans. 
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TABLE 3 


Average Weight of Formosans as Observed and as Theoretically Calculated 


АСЕ IN 
YEARS 


Birth 
1/12 
2/12 
3/12 
4/12 
5/12 
6/12 
7/12 
8/12 
9/12 

10/12 
11/12 


25-29 
30-34 
35-39 


MALE WEIGHT IN KILOGRAMS 


Observed Calculated (Obs.-Cale.) Observed Calculated (Obs.-Cale.) 


3.131 
4.200 
5.250 
5.896 
6.462 
6.942 
7.263 
7.554 
7.335 
8.100 
8.318 
8.517 
8.718 
11.003 
12.769 
14.194 
15.619 
16.931 
18.323 
19.808 
21.739 
23.561 
25.084 
27.608 
30.008 
33.409 
37.478 
41.389 
44.138 
46.905 
49.208 
50.884 
51.638 
52.444 
52.699 
52.830 
53.111 
53.318 
53.246 


Deviations 


FEMALE WEIGHT IN KILOGRAMS 


Deviations 


3.191 -0.060 3.065 3.097 -0.032 
4.286 -0.086 4.041 4.071 -0.030 
5.167 0.083 4.995 4.870 0.125 
5.877 0.019 5.549 5.524 0.025 
6.447 0.015 6.014 6.061 -0.047 
6.907 0.035 6.460 6.501 -0.041 
7.276 -0.013 0.853 6.801 -0.008 
7.574 -0.020 7.139 7.157 -0.018 
7.813 0.022 7.427 7.399 0.028 
8.096 0.004 7.704 7.597 0.107 
8.308 0.010 7.973 8.019 -0.040 
8.518 -0.001 8.166 8.223 -0.057 
8.722 -0.004 8.438 8.421 0.017 

10.947 0.056 10.909 10.569 0.340 

12.784 -0.015 12.203 12.335 -0.132 

14.302 -0.108 13.744 13.788 -0.044 

15.597 0.022 15.000 14.981 0.019 

16.919 0.012 16.310 16.293 0.023 

18.353 -0.030 17.869 17.854 0.015 

19.908 -0.100 19.481 19.564 -0.083 

21.595 0.144 21,334 21.437 -0.103 

23.426 0.135 23.314 23.400 -0.176 

25.411 -0.327 95.480 95740 -0.251 

27.565 0.043 28.125 28.205 -0.080 

29.967 0.041 31.474 31.784 -0.310 

33.545 -0.136 35.321 35.519 -0.198 

37.379 0.099 39.690 39.127 0.563 

41.103 0.286 42.154 42.083 0.071 

44.394 -0250 44036 44197 -0.161 

41.005 -0.160 45765 45.565 0.200 

49.089 0.119 46.286 46.395 0.109 

50.543 0.341 46.586 46.878 -0.202 

51.549 0.0880 47220 47.153 0.067 

52.227 0217 46.849 47.307 -0.458 

52.675 0.024 47.138 47.393 -0.255 

52.968 -0.138 47.183 47.441 0.258 

53.359 -0.248 47.719 47.490 0.229 

53.485 -0.107 47494 47499 -0.065 

53.498 -0.252 47.284 47.500 -0.216 
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DISCUSSION 


Growth consists of an increase in the number of tissue cells as a 
result of cell division. Hence it follows that growth takes place according 
to geometric progression in some form or other. Food material, ingested 
and assimilated in the body, is absorbed into the blood and carried to 
the various tissues of the body where it is partly used up, and partly 
transformed into the components of the tissue cells, such as nuclear 
material and cytoplasm, which are utilized in cell division to build up 
new cells. This biochemical transformation of food material is caused 
by the catalytic action of enzymes, which have vitamines as active com- 
ponents and are regulated by hormones. 


: Ба. Й 
In chemical reaction by catalysis, the reaction velocity i at any 


instant is proportional to the amount of material present at that 
moment, i. e., 
dy 
Ши. j 
И = b(E— y) 
Where у represents the amount of material transformed at time т, k 
denotes the original amount of material, 6 is the proportionality constant 
and # — y equals the amount of material which remains untransformed 


at time г. This differential equation may be written 


SEL. = bdr. 

k—y 
Integrating, 

dy _ f 

Ћ—7 =b ах, 

We get — log. (k — у) +с-- bz + с, 
" log. (b — y) = — bz + 0—0, 
Where с and с’ are constants of integration. 
Put а=<—е, 
then loge (k — y) = a — be. 
Hence татах 
Ы y—k— Ае (4 — e), 


both equations expressing the two catalytic cycles of human growth. 
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Since growth is due to geometric increase in the number of — 
cells, it can also be considered from another aspect of the chemica 
reaction which occurs in the tissue to synthesize nuclear material and 


cytoplasm. The reaction velocity 2 at any instant т is also propor- 


tional to the amount of the product, y, formed by the reaction at that 
moment. If this proportionality is converted into an equality by inser- 
tion of a proportionality constant 0, we obtain the differential equation 
for the rate of formation of the product by the reaction, namely, 


dy 
a by. 
Separating the variables, 
dy = Бах, 
y 
and integrating, 
9 =b Г ат, 
y « 
we get loge y + c = bz + c. 
Putting а-с--с, 
we һауе loge у = а + bz. 
Therefore y = е, 
or 


y = Деве (А = e) 


which are the equations expressing the compound interest law in Nature 
The third cycle of human growth follows this law. 

The logistic equation, discovered by Verhulst (1838, 1845, 1847) and 
independently by Pearl and Reed (20, 292, 793), gives ап S-shape 
curve with an upper and a lower asymptote аа a ribes accurately 
the growth trend of human populations which cannot surpass its uppe” 
limit in a growth cycle. The fourth cycle of human growth is best 
expressed by the logistic equation. It is of considerable interest that 
the growth of human individuals from adolescence to maturity follow? 
the same logistic law as the growth of human populations. 

The maximum limit to the growth in man is represented by ihe 
upper asymptote of the logistic curve, d -- k, of which d is the 10997 
asymptote of the fourth cycle and І corresponds to the total amou? 


of growth attained in the same Cycle. Therefore, the maximum lim! 
to the growth of the Formosans for each sex is 
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Male d+ k = 19 + 34.5 = 53.5 Kilograms, 


Female d+ k= 22 + 25.5 = 47.5 Kilograms. 


Since the logistie growth cycle extends from adolescence to adult- 
hood, we can calculate the age of maximum rate of adolescent growth 
by finding the coordinates of the point where the rate of growth is a 
maximum. "This point is the point of inflection of the logistie curve. 
After that point is passed, the rate of growth declines progressively, till 
finally the curve stretches along horizontally in close approach to the 
upper asymptote, over which the body cannot grow. Now the logistic 
equation to the fourth cycle of human growth is 


k 
y= + Ty аг 


k 
W M — M Á— 
e put г=у—а i-r eee? 


Г. = Крез е. 
= (рен 
kb — kb — ее 
bz? — Ка 
k 2 


then 2 
= 


= 


which is the equation to the first derivative curve. Therefore 


2” 1 bs kb) = 0. 
At the point of inflection evidently 2’ is not equal to zero, hence 
= 
2-2» 
k 

and y= 5 +d. 

Therefore 1+ е = 2, 

and т==— 5 5 


Accordingly, the age at which the maximum rate of adolescent growth 
occurs in the Formosan male is 
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: "ЭРЭН, eee 
шаг ини ийш 


= 14 years and 8.5 months. 


Similarly, the age of maximum rate of adolescent growth for the 
Formosan female is 


a 1.06866 
+ guys + 18 = 13.797 


= 13 years and 10 months. 


With a view to comparing the growth velocities at different ages, 
the curves of annual increments in the body weight of the Formosans 
are illustrated in figure 5. 

After birth the velocity of growth begins to diminish at first rapidly 
and then gradually until between 4 and 5 years, both sexes always 
running roughly parallel with each other. It then rises by degrees, 
in such a fashion that the female exceeds the male all the time. At 
between 11 and 12 years in the female and between 12 and 13 years in 
the male, the velocity of growth rises abruptly and reaches a maximum 
at between 13 and 14 years in the female and between 14 and 15 years 
in the male, though the latter maximum is higher than the former. 
The point of maximum growth velocity corresponds to the point of 
inflection of the logistic cycle. It is conceivable that the starting point 
of this abrupt rise in growth velocity indicates the beginning ої adoles- 

rate of adolescent growth for each вех 
ulated, can also be estimated graphically- 
he velocity of growth diminishes at first 


n slowly, till it practically reaches 2070 
adulthood. 


their influence on the p 


: ody’s metabolism, 
secretes a specific growth 
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hormone whose principal actions are acceler 
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or 


TABLE 4 


Solution of the Problems Proposed 


PROBLEM 
хо. 


SOLUTION 


VIII 


IX 


First Cycle: Catalytie Growth 

Period for Formosans: from birth to 9 months 
Second Cycle: Catalytie Growth 

Period for Formosans: from 9 months to 5 years 
Third Cycle: Compound Interest Growth 

Period for Formosans; from 5 years to 13 years 
Fourth Cycle: Logistic Growth 

Period for Formosans; from 13 years onwards 


Male 3.191 Kilograms 


Birth Weight: (see table 3) 


Female 3.097 Kilograms 


see table 3 


Maximum Limit Male 53.5 Kilograms 
of Growth: + Female 47.5 Kilograms 


Male between 12 and 13 years 
Age of Onset of (see figure 5) 


Adolescence: Female between 11 and 12 years 


A хї 
ge of Maximum Male 14 years and 8.5 months 


RATEDE (see figure 5) 

| 8 е 
adolescent Female 13 years and 10 months 

Growth: 


Age at which Male 31 years 


Growth stops: Female 26 years (see figure 5) 


ee 


сл 
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mosan female is 14 years to 14 years and 8 months. This is nearly - 
age of maximum rate of adolescent growth in the Formosan female as 
has been mentioned previously. It would seem that at the onset o 
puberty the velocity of the adolescent growth is at its maximum. in 
other words, the advent of pubescence is preceded by an acceleration, 
and followed by a retardation of growth in weight in the two sexes. 
The problems proposed in table 1 are already solved by the results 


and discussion in the present study; the solutions to these problems 
are summarized in table 4. 


SUMMARY 


In order to solve problems which are of practical importance 1n 
various branches of medical science, a mathematical analysis of the 


human growth in weight has been carried out with special reference to 


the growth of the Formosans. Data about 87,277 Formosan males and 


83,376 Formosan females, collected from 1938 to 1950, have been used 
in the present investigation. 

It has been found that the growth of m 
to maturity. Both the first and the second 
of catalytic reaction, except for the difference 
the two cycles. The third 
pound interest in N 


an has 4 cycles from birth 
growth cycles obey the law 
e in rate of growth between 
growth cycle is ruled by the law of com- 
ature, whilst the fourth growth cycle follows the 


growth of human populations. These 
4 cycles pass from one to the other with gradual transition. 


The mathematical procedure for the analysis of the human growth 
curve has been thoroughly described, and the periods and equations of 
the 4 cycles for the two sexe: 


$ of the Formosans have been calculated 

with accuracy. 
The body weights at different a 
computed from the equations ob 
agreement with the observed dat 


Ses of the Formosan male and timi 
tained were found to yield excellen 
а from birth to maturity. + 
dolescenee and the maximum rate 9 


5 and the maximum limits of growth 
that Formosan males and females may reach in their lifetime, have 8180 
been calculated. 


The changes in the growth veloci 
body development have been discuss 
of view. 


ty throughout the whole period ої 
ed from the endocrinological pol? 


~ 


гтз Т 


MATHEMATICAL ANALYSIS OF GROWTH OF МАМ 357 


Appreciation is expressed to Professor William G. Cochran, School 
of Hygiene and Publie Health, Johns Hopkins University, for his sug- 
gestions and criticisms in the preparation of this paper. 


LITERATURE CITED 


Barpwiw, B. T. 1921 The physical growth of children from birth to maturity. 
University of Iowa, Iowa City, Iowa. 

Снто, УУ. Н., ЕТ AL. 1951 Weight and height of newborn infants in Formosa. 
Proceedings of Formosan Medical Association. Journal of Formosan 
Medical Association, 50 (12) : 304. 

Davenport, C. D. 1926A Human metamorphosis. Am. J. Phys. Anthrop., 9 

(2) : 205-232. 

19968 Human growth curve. J. Gen. Physiol., 10 (2): 205-216. 

DELER, J. В., лхо J. P. Свккхипл, 1048 Principles and practice of Obstetrics, 
Chapter 4. УУ, В. Saunders Company, Philadelphia. 

DEPARTMENT OF HEALTH 1938 Statistical data of health survey on the For- 
mosans. Government-General of Formosa, Taihoku, Formosa. 

DEPARTMENT оғ Риүвіслі. Epucation 1097 Statistical data of physical exami- 
nation of schoolchildren and students. Secretariat of Ministry of Educa- 
tion, Japan. 

Ко, К. E. 1933 Statistical studies on the menstruation of Formosans. Journal 
of Medical Association of Formasa, 32 (7): 987-1010. 

Ко, 5. В. 1933 Ueber die Menstruation der Schuelerinnen in Formosa. Journal 
of Medical ociation of Formosa, 32 (6) : 788-793. 

LAMBOLEZ, R. 1925 La loi de croissance chez l'enfant. Comptes Rendus de la 
Société de Biologie, 1: 39-41. 

PEARL, R., Anp І, J. Reep 1920 On the rate of growth of the population of the 

United States since 1790 and its mathematical representation. Proc. Nat. 

Acad. Sci., 6: 275-288. . 

1922 А further note оп the mathematical theory of population growth. 

Proc. Nat. Acad. Sci., 8: 365-308. 

— 1923 On the mathematical theory of population growth. Metron, 8 
(1): 6-19. 

Quo, S. K. 1950 Тһе population growth of Formosa, Human Biology, 22 (4): 
293-301. 

RonERTSON, T. B. 1915 Studies on the growth of man. I. The pre- and post- 
natal growth of infants. Am. J. Physiol. 37 (1) : 1-42. 

SHIROKOGOROFF, S. M. 1925 Process of physical growth among the Chinese, 
Vol. 1. The Commercial Press, Shanghai, China. 


358 SUNG-KEN QUO 


Уввнотвт, P. Е. 1838 Notice sur la loi que la population suit dans son accrois- 
sement. Correspondance mathématique et physique publiée par A. Quetelet, 
10: 113-121. 
1845 Recherches mathématiques sur la loi d’accroissement de la popu- 
lation. Nouveaux mémoires de l'Aeadémie Royale des Sciences et Belles- 
Lettres de Bruxelles, /8: 1-38. 


1847 Deuxième mémoire sur la loi d’accroissement de la population. 
Ibid. 20: 1-32. 


Watson, E. H., ахр С. H. Lowrey 1952 Growth and development of children. 
р. 52. Year Book Publishers, Chicago. 


Wu, W. T. 1949 Statistical study of physical measurements of infants in 
Formosa. Proceedings of Formosan Medical Association. Journal of 
Formosan Medical Association, 48 (5-6): 143. 


ҮовнгхАвА, S. 1930 Normal values of the growth of Japanese infants. 
Japanese Journal of Pediatrics, 357: 325-336. 


BOOKS RECEIVED 


THE PSYCHOLOGY оғ PERSONALITY, Ву Bernard N 
Library, New York, 1953. 54.15. 


EXISTENTIAL PSYCHOANALYSIS. By Jean-Paul Sartre. viii + 275 рр. Phi- 
losophical Library, New York, 1953. $4.75. 2 


oteutt. 259 pp. Philosophical 


INDEX TO VOLUME XXV 


| (Asterisked entries are titles.) 


“Abbie, А. А., and Adey, W. ssifiention in a Central Australian Tribe, 265-78 
Age—and cranial thicknes nd sex differences in body dimensions, 32-3; 
ion of—a Papago community, 195 ff., а Hutterite population, 214 ff; 


compe 
faetor in body measurements, 50 ff. 
Agriculture and length of life, 8 
Algerian Moslems—age distribution, 215; death rates, 237; population increase, 
243 
a American Indian (see also Navaho, Papago), evidence of skeletal materials on 
life span of, 3 1. 
Amino acid exeretion, anomalies of, 319, 330 
Anderson, R. J., on eranial thickness, 81 
Angel, J. L., on probable life span of ancient Greeks, 4, 6 
Anthropometry and—determination of physical type, 65 f., nutritional status, 
281. 
^ Antibody response to secondary antigen stimulus, 279 ff. 
Antigen stimulus, faetors determining antibody response to secondary, 279 ff. 
Aranda, of Australia, intertribal marriage among, 177 
4 Arizona Indian village, demographic pattern of an, 191 ff. 
Arm and hand—length growth in man and chimpanzee, 117 1ї.; nutritional status 
and, 31; ossification in an Australian tribe, 269-71 
Australian aborigines—ossification in a tribe of, 265 .; range of movements, 
170 f.; tribal and intertribal marriage of, 169 ff. 


Baer, M. J., on facial dimensions and age, 59 
Beaglehole, P., on household composition of Hopi, 192, 193 
Berry, W. T. C., and Cowin P. J., on pubic development of English boys, 74 


) Biblical evidence on fertility of women in ancient Near East, 203 ff. 
Birth control—among Hutterites of North America, 253 ff.; Indianapolis study 
of, 254 


Birth interval and—body size, 13 ff.; life span, 19 

Body dimensions—in Chimpanzee, 93 ff.; in relation to—age, 50 ff., 65 ff., 333, 
birth interval and order, 13 ff., cranial thickness, 81 ff., thigh girth, 30, sex, 32 ff. 

Body growth, mathematical analysis of, 333 ff. 

Body weight—and dimensions at different ages, 68 ff., 100 ff.; increase of, 31, 34, 

5 100 f., 333 ff. 

i Bowles, G. T., on age and body size, 60 

*Brozek, J., Thigh Girth and Nutritional Status, 159-62 

Brozek, J., and Keys, A. on measurement of muscle and fat, 144, 151; on 
‘ normal’ weight, 30-31 

Buechi, Е. C., оп body dimensions and age, 59, 60 

Burt, С. L., on physical typology, 67 


360 INDEX 


*Campbell, В. and Petersen, W. Е, Milk ‘Let-down anu the Orgasm in the 
Human Female, 165-68 

Canada, Hutterite settlements in, 212 

Central Australia, tribal and intertribal marriage in, 183 

Children—determination of physical type іп, 65ff.; nutritional status of, as 
measured by thigh girth, 28 ff.; ponderal index for, 111 

Chimpanzee, growth and development of, 93 ff. 

Chuichu, Arizona, demographic patterns in, 191 ff, 

Constitutional types and measurement of nutritional status, 29 


*Coolidge, S., Note on the Fertility of a Number of Women of the Ancient Near 
East, 203-5 


Coon, С. 5., on facial dimensions and age, 59 
Cow, milk ‘let-down’ in the, 166 
Cranial thickness, increase of during growth, 81 ff. 


Cultural factors in—mortality rates, 10-11, 241 f., Navaho marriage, 300-02, 
population growth, 10, 235 


Davenport, C. B., on rate of body growth 333, 334, 336 

De Castro, J., on fecundity and poverty, 259 

De Lee, J. B., and Greenhill, J. P., on growth rate of infants, 354 

Demography—of Hutterites in North America, 206 ff.; 
in Arizona, 191, 206 ff. 

Dent, C. E., and Harris, H., on genetic relationships of cystinuria, 319 

Dermatoglyphics of Egyptians, 154 ff. 

Diet and heredity in human metabolism, 318, 327 


Dublin, L. I, Lotka, A. J., and Spiegelman, M. J., on sex and mortality, 239-40 

Eaton, J. W., and Mayer, A. J., Social Biology of Very High Fertility among the 
Hutterites, 206-64 

Egyptian dermatoglyphies, 154 ff, 

Endogamy, definition of, 295 

English—children, determination of Physical type of, 65 ff.; life span, 11th 
century, 4 

Eskimo, pelvis of, 21 ff. 

European contacts of Indians and length of life, 8 


of a Papago community 


Facial dimensions—and age, 54 ff., 61; 


| ; in man and chimpanzee, 130 ff. 
Family size in a Papago community, 192.93, 198 


Fecundity of Hutterites in North America, 228 ff, 

Fertility of women—in ancient Near East, 203 ff. 
218 ff.; in a Papago community, 195, 200 

Finger-tip patterns of Egyptians, 155 

Fisher, R. A., on inbreeding, 297 


Formosan Chinese—analysis of growth statistics of, 333 ff.; average weight of, 
337, 348 


з in Hutterite population, 206 f. 


Frazer, J. E., on ossification, 205, 276 


*Garn, S. M., and Saalberg, 


J. H., Sex and Age Differences in the Composition of 
the Adult Leg, 144-53 


оо T ee | n 


INDEX 361 


“Сауап, J. A., Growth and Development of the Chimpanzee, 93-143. 

Gene flow through intertribal marriage, 172 ff. 

Glass, D. V., on prediction of population growth, 240 

Glenny, A. T., and Sudmersen, H. J., on secondary antigen stimulus, 279 

n, M. S., Some Vital Statistics Based on Skeletal Material, 3-12—on body 
measurements of Mexicans, 51; on fa dimensions and age, 59 

Granqvist, H., on size of families in Palestine villages, 203 

Grether, W. F., and Yerkes, R. M., on weight and growth of chimpanzee, 101, 102 

Greek, ancient—fertility of, 204; life span of, 4, 6 

Greenhill, J. Р., on reproductive efliciency, 234 

Groen, J. В. К., Тропа, С. E., апа Willebrands, A, Г., on influence of cholesterol 
intake on blood levels, 318, 327 

Growth—effect of birth interval on, 13; mathematical analysis of, 333 ff. 


Haldane, J. B. S., and Moshinsky, P., on inbreeding, 297-98, 299, 309, 316 

“Hammond, W. H., Determination of Physical Types in Children, 65-80 

*Hanna, В. E., апа Washburn, S. L., Determination of the Sex of Skeletons, 21-27 

Head dimensions (see alsa Cranial thickness )—and age, 55 ff., 58 ff., 130 ff.; and 
order of birth, 15 ff. 

Hemoglobin, genetically controlled variations in, 319 

Hip development in man and chimpanzee, 114 ff. 

Hooton, E. A., on body dimensions and age, 58-59, on American Indians—life 
span of, 4, 5, 6; sex ratio of, 9-10 

Hooton, Е. A., and Dubertius, C. W., on facial dimensions and age, 59, 61; on 
Weight increase with age, 144 

Hopi—family size among, 193; matrilinear tendency among, 192 

Howells, W. W., Birth Interval and Body Size, 13-20; on sex determination of 
skeletons, 21 

Hrdlička, A., on sex determination in skeletal material, 26 

Hutterites in North America—age and sex distribution, 214 ff.; birth control, 
253 ff.; birth rates, 223 ff.; demography, 206 ff.: fecundity and fertility, 219 ff., 
228 П.; infant mortality, 240; marriage rate, 222; migration, 207-08, 247-48; 
mortality, 236 ff.; population increase, 207 ff., 218, 243 ff.; settlements, 209 ff. 


Immunization, effect on antigen response of, 270 ff. 

Inbreeding—coefficients of a Navaho population, 295 ff.; definition of, 295; effect 
on fertility of, 314 

India, mortality at various ages in, 5 

Indianapolis study of birth control, 254 

Infant mortality—among Hutterites in North America, 240 ff.; in U. S. A., 11, 241 

*Ipsen, J., Jr., Factors of Dosage and Host Determining Antibody Response to 
Secondary Antigen Stimiulus, 279-94 

Israel—age distribution in, 215; death rate, 237; population increase, 243, 244; 
reproduction rate of Moslems and Jews, 944; size of family, 203 ff. 

Italy, mortality at various ages in, 5 


Jamaica—age distribution, 215; death rate, 237; population increase, 243 
Japan, rate of body growth in, 340 


362 INDEX 
“Jones, С. F., Demographic Patterns 
Arizona, 191-202 


Joseph, A., Spicer, R. B., and Chesky, J., on size of Papago family, 192 


in the Papago Indian Village of Chuichu, 


Kajiro, К. G., Kikuchi, H. N., and Yoshiya, 
lack of enzyme catalase, 319 

*Karpinos, B. D., and Grossman, H. 
Registrants, 36-49 

Keys, A., on measurement of muscle 

Kinsey, A. C. Pomeroy, Үү. $, 
on marital relations, 235 


ЗҮ ава. 868 
Ко, 8. В. and К. Е., on age of first menstruation among Formosan Chinese, 354, 
356 


M., on constitutional anomaly with 
4 ive Service 
А., Left-handedness among Selective Servi 


and fat, 144, 151 ее 
» and Martin, C. E, on effect ої church affiliatio 


Kroeber, A. С., on effect of warf. 


are on life span of American Indians, 10 
*Krukierek, S., on environmenta 


1 influences on growth of pelvis, 21-22 
Lactation and orgasm, 165 ff, 
Lambolez, R., on rate of body growth, 334 


*Lasker, С. W., Age Faetor in Bodily Measurements of Adult Male and Female 
Mexicans, 50-63; Population as a Unit of Study, 163.4 

Left-handedness among Selectivo Service registrants, 36 ff. 

Leg—composition, age and sex differences in, 144 ff, 
tribe, 200, 271 fr. Е 

Life span—and birth interval, 19; evidence of skeletal material on, З ff.; in й 
Papago community, 194, 200; of Hutterites in North America, 217 


Ё хада stralian 
+ ossification in an Austra 


pulation growth, 252, 253 


» 235; of Hutterites, 223 A wA 
Marriage—rate of Hutterites, 222; tribal and intertribal, of Australian aborigines, 
169 ff., of Ramah Navaho, 300 ff, T 
McGavack, Т. H., and Drekter, T, J., on changes in blood cholesterol of thyrotoxic 
patients, 318 
Metabolism, errors of, 318 f. 


Mexicans, age factor in body measurements of, 50 ff. 


Migration and demographic pattern of—Australian aborigines, 170 ff.; Hutterites 
їй North Arerioa, 207-08, 247-48; a Papago community in Arizona, 199 

Military service, left-handedness and qualifications for, 37 ff. 

Milk * let-down? and or, 


asm т the human female, 165 ff. 
Mobility and intermarriage, 170 ff, 


Mongoloids, response to immunization of, 288 fr. 
Mortality (see also Life sp 

241 ff.; of selected popul 
Muscle, measurement of, ] 


ап) —апа Sex, 239 ff, 
ations, 237 
45 ff., 158 


-11, 
3 cultural influences on, 10 


Navaho community—inbreeding coeffi 
matrilinear clans, 300 

Near East, fertilit. 

Negritos of Austr. 

Negro іп U.S. А., 


02: 
cients of a, 296 gr. kinship rules, 300, 3 


У of women in ancient, 203 ff, 


alia, intertriba] marriage of, 181 
life-span of, 4,5 


— 


— тк qe. 


INDEX 363 


Neuro-humoral responses of females, 167 

Ngalia of Australia—intertribal marriage, 174 ff.; location of, 17: 
265 fT. 

Nutrition and—form of pelvis, 22; population growth, 10; stature, 61; thigh 
girth, 28 ff., 159 ff. 


ossification, 


Obesity, measurement of, 144-45 
Orgasm and milk *let-down, 165 ff. 
Ossification of а Ngalia population, 265 ff.; effect of diet on, 266, effect of disease 


on, 266 


Palestine, see Israel 

Palm patterns of Egyptians, 156 

Papago community, demographic patern of a, 191 ff. 

Pearl, R., on—foreeasts of population growth, 252; reproductive efficiency, 234-35 

Pearl—Reed logistic curve of population growth, 251 

Pelvis, sex determination from skeletal, 21 ff. 

Pfitzner, W., on facial dimensions and age, 20 

Physical type, determination of, її. 

Population—and migration, 247-48; as a unit of study, 163-64; growth—and 
nutrition, 10; of Hutterite population in North America, 207 f., 218, 243 ff.; 
of a Papago community, 201; in Australia, effects of, 171: theory of, 249, 251 fr, 

Poverty and fecundity, 10, 259 

Pubertal development—of Eng 
of Yugoslav students, 34-3 

Pueblo Indians, estimated life-span of, 4, 5 


ish children, 74; of Formosan Chinese, 354-356; 


*Quo Sung-ken, Mathematical Analy 
Reference to Formosans, 333-58 


is of the Growth of Man, with Special 


Racial differences in skeletal indices to sex, 21 

Ramah Navaho population—anthropology and location of, 299-300; inbreeding 
coeflicients of, 995 ЇГ: kinship rules of, 299, 302; mating types, 303-09; matri- 
lineal clans of, 300 

Reproductive efficiency, 234 

Reynolds, Е, L., on distribution of fat in child роду, 150 

"Ене D. G., Dermatoglyphies ої Egyptians, 154-8 

Robertson, Т. B., on rate of body growth, 334 

"Roche, A. F., Increase in Cranial Thickness during Growth, 81-02 


Schultz, A. H., on growth and development of the chimpanzee, 94, 100, 101 

Selective Service registrants, left-handedness among, 36 ff. 

Sex—differenees in body dimensions, 32 ff., 58, 68, 73, in composition of adult 
leg, 144 ff., in cranial thickness, 84 ff., in growth of chimpanzee, 98 ff., in life 
Span of American Indians, 9, in mortality, 239 ff.; of skeletons, determination 
of, 21 ff,: ratio and development of sex differences, 32 ff., in a Papago com- 
munity, 195; response and lactation, 165 ff. 

Skeletons—as evidence on vital statistics, 3 ff.; determination of sex of, 21 ff. 

*Skerlj, B., Thigh Girth as a Means for Evaluation of Nutritional Status, 28-31; 


364 INDEX 


i i sions, 32-35 
comment оп, 159 #.; Development of Sex Differences in Body Dimensions, 32-35 
Ky, a ction i stralia, effect of, 172 
Smallpox, introduction in Australia, ef 5 u | — 
Жардын 7. Х., and Kluckhohn, С., Inbreeding Coefficients of the Ramah Navaho 
Population, 295-317 
Stature and—age, 50 ff, 65 л: birth interval, 14 ЇЇ: 
ferences, 32 ff.; nutrition, 61, thigh girth, 30 1. 
Sterility among Hutterites of North America, 236 
Stillbirth rates and birth intervals, 13, 20 
*Sutton, Н. Е., and Vandenberg, S. G 
Urinary Excretion Patterns, 318-32 


development of sex dif- 


з Studies on the Variability of Human 


Technical aid to underdeveloped countries and population growth, 260 
Texas Indians, life-span of early, 3 ff. 


Thigh girth and nutritional status, 29 ff., 159 ff. 


*Tindale, N. B., Tribal and Intertribal Marriage among 
169-190 


Todd, T. W., on—mort: 
cranium, 81 


Tribal and intertribal marriage—among Australian aborigines, 169 ff.; effect of 
movement on, 170 ff. 


Trotter, М., and Gleser, 


Australian Aborigines, 


ality of primitive peoples, 11; thickness of male white 


G., on age and stature, 61 
Underdeveloped countries, probability of po 
United States—death rate, 237: 
life span, 4, 5; physical t; 
196-97, 215; increase, 243 
Urinary excretions, measurements 


pulation growth in, 200 үй. 
infantile mortality, 11; left-handedness, 36 83 
Ypes among boys, 71; population—age distribution, 


and variations of, 318 ff. 
Vital statisties—evidence of skele 


tal materials on, ЗИ. ; 
193 ff.; of Hutterites in North 


America, 214 ff, 
Wagiter, A., and Poindexter, 6.4, 
esterifying activity in human serum, 319 
Washburn, S. L., on length of pubic bone, 21: on phylogenctie comparisons, 133 

Whelpton, P. K., and Kiser, C. V., оп birth control in Indianapolis, 254 
Wilkins, В. В., and Carlson, L, D., on qualitative differences in neutral 17-keto7 
steroids excretion, 319 


in a Papago community; 


мэр" sterol- 
on constitutional differences and cholestero 


Wright, S., on coefficients of inbreeding, 296 ff., 299 
Yaws, effect on bone formation of, 266 

Yerkes Laboratories of Primate Biology, 93 ff. 
Yerushalmy, J., on stillbirth rate 


and birth intery, 
Yugoslav children, study 


als, 13, 20 
of thigh girth as index о 


Г nutritional status of. 28 f- 


